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Two natural resources help 
brighten the horizon. 
Young minds and North Sea oil. 



Exploration and development 
are goals of educators, as 
they are of industry. 

Most of us will never set foot on 
a North Sea oil platform. We'll not 
meet the geologists, engineers, 
drillers, mechanics, divers and 
helicopter pilots who work on 
them. 

But the jobs which North Sea 
oil creates, and the taxes it contri- 
butes to the government are vitally 
important to each of us. 

Phillips Petroleum Company 
makes materials available to 
schools to help teachers and pupils 
study the reality of North Sea 
oil. To study its geology its 
chemistry and physics, its maths. 
To understand its environmental 
and social aspects, as well 
as its economics. 



There are two programmes 
available at no charge to schools. 
One is about offshore oil and gas in 
the North Sea, and is called 
"Ekofisk...One of a kind!' The 
other is about the North Sea oil 
and natural gas liquids terminal 
on the River Tees, called 
"OilportTeesside!' 




To book either 
|)rogramme. please 
write with preferred 
dates to: 

Phillips Petroleum 
Film Li bran,; 
15 Beaconsfield Road. 
London NWIO. 



There is 
no fee. 




Exploration. Development. 
Education. Three words that look 
forward to the future with promise. 
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An engine for change 

For the first time in 200 years, Britain imports more 
manufactm-ed goods than it exports. Sir Kenneth Corfield 
argues that service industries cannot fill the gap. 



ONE OF THE PRIME objectives of the 
Engineering Q>uncil is to encourage 
the efficiency and competitiveness of 
indusin and oommooe in Britain. The 
coundl has eageriy embraced this dial- 
leqge. We are cmvinoed that a strong 
manufiutming base is vital to creating the 
wealth and standard of living to which we 
in this country aspire. We reject the argu- 
ments of those who advocate a solely 
service economy. It is manifestly clear by 
simple arithmetic that such activities alone 
cannot create sufficient wealth and 
employment. 

The Engineering Council sees itself as the 
"engine for change" and while we can see 
around us many outstanding British 
achievements, we are all aware of the need 
to arrest, and indeed, reverse, the negative 
trend in our share of world trade. 

We know British industry can be 
competitive. But it depends on the deter- 
mination and ability of all directors 
and managers in our manufacturing 
organisations. That is where the prime 
responsibility Bes. These leaders of industry 
want encouragement and a climate in 
which they can progr»s and this is what the 
council's industry initiatives, covoing 
finance and technology, are intended to 
achieve. 

Getting ahead and staying ahead of 
worid competitors needs new technology. 
This is expenave, and requires long lead 
times. So mvestOEB have to be mepeni to 
take a I(»)g4eim view. This they can do 
only if t hey w oric dosely with tlM rampa- 
nies concerned and can make oompftihenf 
sive appraisals of these comjpameit* plans. 

The Engineering Council is distributing a 
booklet on how mvestors should look at 
manufacturing enterprises. We hope it will 
help to build bridges between investors and 
directors to ensure the investment in the 
development of new products and 



processes vital to a prosperons industry. 

Over the past decade or so modem 
management techniques and the problems 
of deiuing with lyaatioa have tended to 
squeeze technical fisoesotrt of boardrooms. 
It is vital that technology is broiight to the 
forefront in a company. Products and 
systems really have to be at the leading edge 
in terms of technology and performance: 
craftsmanship is no longer enough. It is 
brain power, design, development, manu- 
facturing and other skills that represent the 
needs of the future. 

And we also need a determination to 
change and keep changing. Lathes and 
other equipment used typi^ly to last 20 
years or more; now we find that the speed 
of market changes can make equipment 
redundant in two years. 

So, companies must invest in the right 
resources so that advanced research, 
design, development and manufacturing 
systems will produce products that will 
restore Britain's share of world markets. 
Technical reviews of companies help to 
achieve success by highlighting strengths 
and weaknesses so that the latter can be 
corrected and the former exploited. Many 
companies already use such techniques and 
we are encouraging a big expansion in their 
use by all manulactuiing conqnnies. Our 
booklet on this subject is essentially a tool 
by which management can devise tedmical 
review methods most snhslik for their situ- 
rtiMi a nd most readily integrated into their 

V^are cmfident tint thoe activities will 
provide a fiamewoik Sot initiative at all 
leveisin ooflmuiieB, and will help investors 
to provide emctive and timely support □ 

Sir Kflnn8tti Corltakf Is chflhTYian of tho EnQbi6ui1ng 
Council, which was set up In 1981 to advance, among 
other things, the professkxuri status of engineers. He is 
also chainnan and managing dtactor of sTC. 



Lost in space 



No, don't mock. It wasn't President 
Reagan's fault tiiat NASA lost a 
couple of expensive satellites just days after 
its diief had talked so glowingly of the US's 
ftrtnre in space. These things can happen to 
anyone. NASA didn't gloat when the Euro- 
pean Space Agency scattered millions of 
pounds worth of expensive hardware all 
over the ocean it got quietiy on with the 
business of seUing the shuttle as a "space 
delivery system". 

The weekend's mish^ have some 
serious imi^ications, though. There are 
some who will worry for tiuse poor 
onfoctunates at Ll(qrd*s of LiMidon wnose 
gamMe didnt pay off. The insurance 
under write rs can look after themselves: you 
can be sure that there'll be a profitable (for 
someone) wrangle over who is responsible 
for, and foots the bill for, the random walk 
of the two satellites. 

No, the people you have to feel sorry for 
are those three brave members of Her 



Majesty's Armed Forces who would dearly 
love to be become the UK's first astronaut. 
The urge to go into space is tremendous, 
even at second hand. There is no chance of 
an admiral or a general joining NASA's 
clean-cut lads, but so strong is the urge to 
rub shoulders with the first Briton to see 
quite how minute the country is fix)m the 
right vantage point that the usually buried 
rivalry between the Army, Navy and RAF 
has surfaced as an unseemly knockabout in 
pursuit of publicity for each service's 
particular astronaut. 

That tidcet for a firee ride in the shuttie 
seems to be tiie onW conoeivabk reason 
why the Ministty <» Defence should ask 
NASA rather fban ESA to laundi a new 
round of satellites for military commu- 
nications. It may be that the government 
will, as Westar VI and Palapa B2 perform 
their space minuet, think again. If not, the 
return home of Britain's first astronaut 
could be most embarrassing. □ 
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THIS WEEK" 



Sizewell's waste destined for long-term store 



THE CENTRAL Elec- 
tricity Generating 
Board (CEGB) has 
decided to postpone "as far 
as possible" the reprocess- 
ing of spent fuel from its 
proposed Sizewell B nucl- 
ear power station. Instead 
of sending the spent fuel to 
Sellafield for reprocessing, 
the board will store it at a 
giant air-conditioned ware- 
house, along with thou- 
sands more tonnes of spent 
fuel from its Advanced 
Gas-cooled Reactors. 

In the last year, the board 
has spent £2 million on de- 
sign contracts for the ware- 
house, which could store 
the fuel for 100 years or 
more. The board will soon 
be ready to submit a plan- 
ning application for the 
complex, which could grow 
up to half a kilometre long. 

The board's decision to postpone repro- 
cessing of Sizewell waste is revealed in a 
memorandum sent recently to senior man- 
agement. It reflects a growing concern 
about the cost of the "back end" of the fuel 
cycle. 

The CEGB has still not signed a contract 
with British Nuclear Fuels for the repro- 
cessing of fuels from its Advanced Gas- 
cooled Reactors (AGRs) at the THORP 
facility, which is due to come into oper- 
ation in 1990. 

THORP was the subject of the acri- 
monious Windscale pubHc inquiry in 1977. 
Then the facility was described as an essen- 
tial feature of nuclear power production in 
Britain. 

The design for the CEGB's store for spent 
nuclear fuel is now virtually settled. The 
board's scientists will shortly begin test on 



Roger Milne 
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Waste store at Wylfa: dry run for a much larger national store 

an American-designed plasma arc welder, 
which will play a key role in the remote 
handling of the steel containers that will 
hold the spent fuel. 

The store will take the form of a concrete 
blockhouse. Spent fuel will arrive by rail in 
flasks. It will be dried and transferred to the 
steel containers in up to 30 separate vaults 
inside the blockhouse. Heat from the fuel 
will be removed by a sophisticated air- 
circulation system. 

Up to 30 vaults will be built at the store 
— sufiicient capacity to take all the spent 
fuel from the existing programme of AGR 
stations. The design has been modified to 
allow it to handle spent fuel from 



pressurised-water reactors, 
such as the proposed Size- 
well B reactor. 

Design work has been 
intense in the last year. 
The National Nuclear 
Corporation (NNC) has 
developed the design of the 
vaults and the container- 
handling equipment, which 
is based on machinery used 
for the loading of fuel into 
AGR stations. The design 
of the reception area for 
flasks has been undertaken 
by GEC Energy Systems. 
GEC is a senior partner in 
the NNC and has already 
developed a similar, though 
much smaller, store for 
spent fuel at the CEGB's 
Wylfa power station in 
North Wales. The vault 
ventilation system has been 
developed by Taylor Wood- 
row, and the active waste 
treatment plant by Matthew Hall. 

The need for the store hinges on techni- 
cal, political and commercial consid- 
erations, underlying the growing indecision 
about handling spent fuel. At the heart of 
the case is the CEGB's conviction that it is 
being offered worse terms for the repro- 
cessing facihties at THORP than overseas 
customers. The board has so far refused to 
sign a contract for THORP. When it has its 
own store at which it can store spent fuel 
more or less indefinitely, its bargaining 
position will be incomparably stronger. 

The board has not ruled out the pxjssi- 
bility of sending its fuel abroad for reproces- 
sing. □ 



Leaks swamp Sizewell inquiry 

PETER Walker, the 
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Secretary of State for 
Energy, has assured the 
Sizewell B inquiry about 
his decision to let the 
Central Electricity Gener- 
ating Board (CEGB) place 
orders for hardware for 
the proposed pressurised- 
water reactor before the 
inquiry has ended. He says 
that it will not prejudice 
his decision on the outcome of the hearing, 
which is likely to run until the autumn. 

Whitehall has accepted the board's view 
that to avoid a possible 2-year delay in 
constuction as well as extra costs, forgings 
for the pressure vessel and other castings for 
parts of the primary circuit must be ordered 
now. John Baker, a member of the CEGB, 
said that commercial necessity had 
outweighed the risk of adverse publicity. 

The CEGB has indicated that, although 
forgings for the pressure vessel are being 
ordered now, the stainless steel "heart" of 
the reactor will not be fabricated unless and 
until the government approves the scheme. 
This may go some way to moUify Suffolk 



County Council whose chief objection to 
the safety of the project hinges on the 
design of*^ the pressure vessel. 

The CEGB faces an important challenge 
this week over its claims for the safety of the 
PWR. Friends of the Earth is cross- 
examining the board on a report prepared 
by experts from the board and the United 
Kingdom Atomic Energy Authority. The 
leaked document questions the reliability 
of predictions made for the effectiveness of 
the PWR's cooling system during an acci- 
dent. 

The document was prepared for the 
government's own safety watchdog, the 
Advisory Committee on Safety of Nuclear 
Installations (ACSNI). It describes experi- 
ments held in 1981 at the EEC's joint 
research centre at ISPRA in Italy. British 
experts were among 16 safety teams which 
took part in the simulation of accidents 
involving the loss of coolants. 

The report indicates that computer 
programs used to predict what might 
happen were sometimes wrong and that 
some accident sequences were so complex 
that operators could not make the correct 
decisions to control the accident. □ 
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Soviet physicist could face new jail term 



ANEW attempt to win freedom for Uri 
Orlov, the physicist from the Soviet 
Union who was jailed for his support of 
human rights, was launched in London 
yesterday by his British lawyer, John 
Macdonald, QC. 

Orlov, who once worked on high-energy 
particle accelerators, was one of the 
founders of the Soviet Helsinki Watch 
Group in 1976. At his trial in 1978 he was 
convicted of anti-Soviet agitation and 
sentenced to seven years' imprisonment in 
a strict-regime labour camp. The sentence 
was to be followed by five years' exile. 

Orlov's camp term is due to end tomor- 
row, 10 February. But his wife, Irina, fears 
that he may be jailed for a further term. 
Last year Soviet law was changed so that 
people who had completed their sentences 
could be locked up for a second term 
on the recommendation of the camp 
commandant. Since then a number of 
dissidents have had their prison-camp 
terms extended (New Scientist, 5 May 
1983, p 321). 

Macdonald wants the Soviet Union's 
Procurator-General to carry out a review of 
Orlov's trial, on the grounds that the court 
did not examine all the evidence available 
to it. First, there were three people present 
who were prepared to appear as witnesses 
for the defence, but who were never called. 
Secondly, Macdonald had prepared a 
dossier on the case which again, though 
available, was not examined. The Soviet 
code of criminal procedure makes 
provisions for such trial reviews. They have 
to be initiated by the Procurator-General or 
Supreme Court. 

An important part of Macdonald's 
initiative is his request that Orlov be freed 
pending the outcome of the review and 




Orlov: more years inside? 

allowed to live in Moscow. Orlov's health 
has deteriorated during his seven years' 
imprisonment. He embarked on several 



hunger strikes and was often put in the 
punishment cell where hot food is served 
only every other day. 

The imprisonment of Orlov has 
damaged scientific relations between the 
Soviet Union and the West since 1978. 
That year, 2400 American scientists 
formed Scientists for Orlov and Shcha- 
ransky (SOS). They signed pledges that 
they would cut back sharply their partici- 
pation in US-Soviet scientific relations. 

A Uri Orlov Committee, set up among 
scientists at CERN, Europe's centre for 
particle physics, campaigned for his early 
release. It put pressure on the CERN coun- 
cil to take an initiative, because of the 
extensive cooperation between CERN and 
the Soviet Union. And the committee 
prevented the International Conference on 
High-Energy Physics from being held in 
Moscow this year. □ 



Cooperation urged for satellite sensing 

INTERNATIONAL competition in 
satellite sensing will be fierce, but at 
the same time development of this 
technology cannot be confined to national 
boundaries. These are two points made in 
a report published yesterday by a House of 
Lords' select committee on remote sensing 
and digital mapping. 

The committee concludes that the tech- 
nology of remote sensing from space could 
bring large rewards to British scientists and 
industry. It recommends a national 
computer network to distribute satellite 
pictures of Earth and calls for Britain to 
concentrate on developing radar in space. 

Remote sensing relies on instruments in 
satelUtes or aircraft picking up radiation 
from the land and sea and forming an 



image of the Earth that can be useful in 
mineral exploration, oceanography, fish- 
eries and crop forecasting. 

If British users of remote sensing are to 
benefit in full they will need access to better 
processing facilities to develop all the 
possible applications, says the committee. 

The development of digital mapping was 
the second part of the committee's brief In 
this technique geographical data are 
converted to a digital signal so that it can 
be stored in a computer. 

The committee recommend that the 
220 000 large-scale ordnance survey maps 
should be digitised by 1994, and 204 small- 
scale Landranger maps by 1987. An 
advantage is the ability to note changes 
occurring in a landscape from year to year. 



Lost satellites and exploding balloon mar shuttle flight 



NASA is suffering from acute 
embarrassment this week 
after the failure of two satellites 
and a balloon that were 
launched from the latest shuttle 
flight. McDonnell E>ouglas, the 
firm that build the rockets that 
failed, faces something worse— 
a huge setback for its 
biUion-doUar rocket business. 

Ironically, the shuttle, which 
is far more complicated than 
most of its cargoes, performed 
flawlessly during the first four 
days in orbit. But three 
payloads— two communications 
satellites and a balloon that was 
to be used as a target for 
manoeuvring and doclung in 
space— inexplicably went awry, 
ruining more than half the 
projects planned for the 
eight-day mission, the tenth shuttle flight. 

Eight hours into their flight, the crew of 
Challenger (making its fourth trip into 
space) opened the shuttle's bay doors and 
gently pushed Westar VI, a com- 
munications satellite, into space. After the 
Challenger withdrew to a safe distance, the 
satellite's onboard engine, which was to 
propel it into stationary orbit well above 
the shuttle's position, apparently misfired. 




Shuttle heads into orbit— and mishaps galore 

NASA says the shuttle and crew were not 
at fault. 

The crew did not see what happened and 
scientists on the ground are still perplexed. 
For several hours, no one could find the 
satellite, which was powerless and silent. 
When it was finally spotted, the satellite 
was in too low an orbit to be of use to 
- its owner, Western Union. The second 
satellite failure came on Monday when a 



$200 million satellite belonging 
to the Indonesian government 
failed. The rocket engines 
repxjnsible for the loss of 
the satellites, are made 
by McDonnell Douglas with 
components from the Hughes 
Corporation. In each case it 
appears that PAM, the upper 
stage of the booster rocket, 
failed. They had previously 
boosted several satellites into 
upper orbits without a hitch. 

Things went from bad to 
worse on Sunday. The crew put 
into space a cannister con- 
taining a folded balloon that was 
to inflate and drift near the 
shuttle for several days. 
Commander Vance Brand and 
the pilot, Robert Bi^n, were to 
practise manoeuvnng close to 
the balloon, in preparation for a 
rendezvous with a satellite in April. Then a 
shuttle crew will attempt to rendezvous 
with the damaged Solar Maximum 
Mission Satellite and make running repairs 
to the craft. 

But the cannister did not pop open as 
planned. Then, when it did, the balloon 
over-inflated and blew up. NASA officials 
do not yet know why. □ 
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Search for missing uranium 



AMERICA'S largest 
nuclear weapons 
plant, in Oak Ridge, Tennessee, has lost 
more then 770 kilograms of highly 
enriched, weapons-grade uranium, the 
government learned last week. An investi- 
gation has been launched to discover 
whether the loss was covered up by plant 
employees. 

The revelation follows the withdrawal of 
the Union Carbide Corporation from 
management of the Oak Ridge complex. 
The contract is being taken over by the 
Martin Marietta Corporation. 

On Monday this week, Congress's House 
Armed Services Committee summoned the 
plant's managers to explain the likely 
causes of the lost uranium and why 27 
computerised inventory-tapes had been 
erased or damaged. Experts in Washington 
DC say that the losses at Oak Ridge bring 
the total of unaccounted enriched uranium 
that has not been accounted for in the US 
since 1950 to more than 4500 kg— enough 
to make about 225 bombs the size of the 
one that demolished Hiroshima. 

The supervisors at Oak Ridge of what is 
known as Plant Y-12, which has assisted in 
the manufacture of virtually all of 
America's 26 000 nuclear warheads, 
assured Congressmen gathered in secret 
session that "there was no evidence of theft 
or diversion" of the missing uranium from 
the plant. 

They believe that the uranium-235 has 
been lost inside pipes, filters and other parts 
of the plant during the machining, rolling 
and casting of weapons. Other discrepan- 
cies in the inventory could have arisen from 
faulty paperwork. 

Whatever the cause of the discrepancies, 
the Inspector-General of the Department of 
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Energy is investigating 
the damage to the 
inventory tapes. Apparently the plant 
managers learned of the damage last June, 
but failed to report it to the government. 
This is a violation of federal regulations. 

Joe La Grone, a manager at Oak Ridge, 
acknowledged that this incident may rep- 
resent a failure of the government's system 
to monitor and control weapons-grade 
materials. More than 600 tonnes of 
enriched uranium have passed through 
Plant Y-12 since 1950. The disappearance 
of 770 kg represents a rate of loss of little 
more than one in a thousand. So many 
experts are unperturbed by the apparent 
disappearance of so much uranium. 

The possibility of theft or diversion of 
enriched uranium cannot be ruled out. One 
congressional investigator says that the CIA 
had left lawmakers with the "strong impres- 
sion" that more than 100 kg of enriched 
uranium missing from a plant in Apollo, 
Pennsylvania, was diverted to Israel in 
1967. A subsequent investigation of this 
incident was inconclusive. 

"There is no doubt in my mind that the 
government has a serious problem tracking 
weapons-grade materials," says Dr Paul 
Leventhal, director of the Nuclear Control 
Institute in Washington DC. 

"Even in the best run plant there are going 
to be discrepancies of the order of 0 -5 per 
cent. Actual figures from the Nuclear Regu- 
latory Commission show that some plants 
have losses between 1 per cent and 4 per 
cent. I hope the discrepancy at Oak Ridge is 
an innocent loss, but I also believe that a 
skilled diverter could work within the 
system. And this is why the breakdowns of 
government regulation in this area can be 
very dangerous", said Leventhal. □ 



Baby milk firm backs down 



CONSUMERS' groups are claiming 
their first ever victory over a multi- 
national food firm. Activists from more 
than 20 countries agreed in Mexico City 
last week to suspend their six-year boycott 
of Nestle after the company promised to 
stop its aggressive promotion of ''infant 
formula" baby milk in the Third World. 

Activists had won the support of the 
World Health Organisation (WHO) for 
their claim that its promotion of infant 
formula discouraged breast feeding and 
contributed to malnutrition among children 
in countries where the product often cannot 
be prepared safely. 

Now Nestle has agreed to accept the 
who's marketing code in the Third 
World. It will not routinely distribute free 
samples to hospitals and will not advertise 
in the mass media. The boycott's organisers 
hope that Nestle will persuade other firms 
to follow suit. 

Meanwhile a British code, written by the 
baby-food firms themselves, but adopted by 
the Department of Health and Social Secu- 
rity, remains in effect— despite opposition 
from the National Childbirth Trust and the 
British Medical Association(Ne»'Sci'enr/sf, 
11 August 1983, p 392). Opponents of the 
code argue that it legitimises most of the 
practices that the WHO has been trying to 
discourage. □ 




No need for Nido 



Test conference is off 

PLANS for an international conference on the 
effects of testing nuclear weapons have been 
frozen following a "shift of priorities" by the 
organisers. Last July, a French committee of 
environmental experts commissioned by, but 
critical of, the French defence ministry put 
forward the idea of a conference. The committee 
argued that it would open up the debate. 

The head of the committee, Haroun TaziefT, 
said at the time that the authorities had agreed on 
such a meeting. But, last week, TaziefT said plans 
for the conference were shelved. 

Foreign scientists— two from New Zealand, 
two from Australia and one from Papua— visited 
France's Mururoa test site at the end of last 
October. Because of this TaziefT now believes 
there is less need for a conference. The scientists 
are due to publish a report on their findings in 
the next few months. □ 

Noise to walk by 

SCIENTISTS working for the British govern- 
ment are preparing a report that will point to 
huge gaps in knowledge about how personal 
stereos may damage hearing. The report, which 
the Institute of Hearing Research in Nottingham 
is drawing up for the Health and Safety Execu- 
tive, is a review of literature about "leisure 
noise". It covers the effects of discos, shooting 
and even noise from football matches as well as 
personal stereos. 

The report will go the Health and Safety Execu- 
tive on 14 Apnl. Any rules about personal 
stereos would have to come from the consumer 
protection branch of the Department of Trade 
and Industry. 

The institute's report will point out that there 
is no known standard for measuring the amount 
of sound they produce. □ 

Prize computer 

THE FREDKIN foundation of Boston last 
week issued a challenge to computer scien- 
tists and mathematicians. It will award $ 100 000 
to the first person who can program a computer 
to make a major mathematical discovery. 

A 12-member committee of university 
scientists will set the rules of the competition. 
The head of the committee, Woodrow W. 
Bledsoe, from the University of Texas at Austin, 
says: "The prize will be awarded only for a 
mathematical work of distinction in which some 
of the pivotal ideas have been found auto- 
matically by a computer program in which they 
are not initially implicit." o 

Country codes 

THE ROW over who should pay for preserv- 
ing the Norfolk Broads, the largest remain- 
ing wetland in England (New Scientist, 26 
January, p 5). The Countryside commission and 
the Broads Authority have both rejected an offer 
from ministers to pay 75 per cent of the cost of 
compensating farmers who agree not to drain 
pastures to turn them into cornfields. They want 
the government to pay 90 per cent. □ 

No more smoke-filled rooms 

WHAT have Devon and the Greater London 
Council got in common? Why do coun- 
cillors in Tory Berkshire see as clearly as those in 
Republic of South Yorkshire? The answer is that 
the county councils all ban smoking during 
meetings of the full council. 

According to a survey by Action on Smoking 
and Health seven out of 10 councils now ban 
smoking during full council meetings. Many also 
ban smoking during committee meetings and 
reserve no-smoking areas in council-owned 
premises. Buckinghamshire does allow its coun- 
cillors to smoke if the meetings stretch into the 
afternoon. 

The move to ban smoking cuts straight across 
party lines. Eleven counties in England and 
Wales, out of a total of 53, allow smoking. Four 
are Conservative, four Labour, two independent 
and one is hung. a 
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Clues to four murders analysed by computer 



A COMPUTER program is 
helping to probe four 
murders in three different 
British police forces. The 
program was developed with 
West Yorkshire police after crit- 
icism over their handling of the 
Yorkshire Ripper case. 

For several months the 
program has run side by side 
with conventional methods of 
indexing the mass of informa- 
tion that comes into a force 
following a "major incident", 
such as murder. Last week, West 
Yorkshire police pressed charges 
against three men for the 
murder of Noel Murgatroyd, a 
newsagent who lived near Leeds. 

The investigation used the 
program. Now officers will try 
to discover whether the in- 
vestigation could have been 
conducted using the computer 
program alone. 

The program is called 
MICA— Major Incidents Com- 
puter Application— and has 
been developed by a software 
company, Issis Computer 
Services, and a computer manu- 
facturer, Microdata, with the 
help of West Yorkshire police. Although 
most police forces have their own com- 
puters for storing criminal records and 
mformation, these can rarely handle major 
incidents because of the sheer volume of in- 
formation that flows into an incident room. 

Leicestershire police have set up two 
incident rooms running side by side, one 
aided by the computer, to solve the 
murders of two women, Caroline Osborne 
and Linda Mann. And Nottinghamshire 
police are trying out MICA on the murder 
of 16-year-old Colette Aram. 

The MICA program is menu-driven— 
that is, it offers the operator a number of 
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Detectives shuffle paper in the incident room that handled 
the hunt for the Yorkshire Ripper 

choices of where to go in its data bank. All 
the people involved in the incident are 
entered m the Nominal Index. When enter- 
ing the details, the computer searches to see 
whether this person, or anyone who sounds 
like them, have already been entered. One 
crucial failing of the Yorkshire Ripper 
inquiry was alleged to have been that 
reports from several interviews with Peter 
Sutcliffe, the culprit, were never collated. 

A more comprehensive Descriptive 
Index holds more detailed descriptions of 
people who are entered in the Nominal 
Index. 

Details of any vehicles that could be 



involved in the incident are 
entered onto the Vehicles Index, 
and similarly "things", such as 
garages, "activities or items 
found near the incident, can be 
entered into the Category Index. 
Detailed statements of witnesses 
or suspects can be entered 
directly into the computer under 
the Nominal Document Index. 

The great advantage of MICA 
is that it can cross-reference all 
these indexes simultaneously. 
Police officers can interrogate 
the computer to see whether, for 
example, a red Cortina has ever 
been associated with a woman 
wearing a brown coat. In the 
Nominal Document Index, 
different statements many thou- 
sands of words long can be stud- 
ied by entering key words. The 
program will then highhght 
those sentences where these 
words appear. With card in- 
dexes, this process of cross refer- 
encing is very time consuming. 

MICA also compares two or 
more major incidents. It can, for 
example, compare the sequence 
of events in one with another. So 
everything that happened on 
Thursday morning in two seemingly sepa- 
rate incidents can be Usted in the order that 
they occurred. This could give officers 
working on the two cases a better idea of 
the events leading up to or following an 
incident. As one officer said "the hope is to 
generate new Unes of enquiries". 

Microdata and Issis claim that MICA is 
two years ahead of other such programs. 
The Home Office, they say, has yet to show 
that its major incident program, called 
MIRIAM, can work on real cases, and the 
watered-down version, called AUTO- 
INDEX, is but a "shadow" of what MICA 
is able to do. □ 



How defence chiefs tested effects of nuclear blasts 



BRITAIN'S Ministry of Defence (MoD) 
conducted experiments in the 1950s to 
study the effects of atomic explosions on 
service personnel. The experiments came 
to light last month when an official docu- 
ment was released to the PubUc Record 
Office under the 30-year rule. 

However, the MoD last week emphasised 
that "no men were exposed to harmful 
doses of radiation or other damaging 
effects". And it has not passed the results of 
the experiments on to the government's 
radiation watchdog, the National Radio- 
logical Protection Board, which is carrying 
out a survey of ex-servicemen to study 
whether they have suffered any effects from 
the nuclear weapons tests. 

The document, a communication from 
the Chiefs of Staff" Committee, states: "The 
Army must discover the detailed effects of 
various types of explosion on equipment. 
Stores and men with and without various 
types of protection." 

The MoD explained last week that 
dummies and measuring instruments were 
exposed to the effects of the A-bomb — but 
not real people. These dummies were 



covered with various forms of protection to 
study how the effects differed "with and 
without various forms of protection". 

The document was written in May 1953, 
six months after Britain's first nuclear 
explosion off the coast of Monte Bello 
Islands, Western Australia. In October 
1953, Britain tested two more devices at 
Emu Field, South AustraUa. It is among the 
first official records to be released on the 
A-bomb tests. It says: "Many of these tests 
are of the highest importance to 
departments, since on their results depend 
the design of equipment, changes in 
oi|anisation and administration, and 
offensive and defensive tactics. 

"The navy requires information on 
effects of various types of atomic 
explosions on ships, their contents and 
equipment". The RAF wanted information 
on effects to airfields, submarine bases and 
the oil industry, it says. 

After the Monte Bello test in October 
1952, an Australian naval vessel, the 
Hawkesbury, was sent out to survey the 
area and "to guard a^nst the collection of 
inteUigence", according to a telegram from 



the Commonwealth Relations Office to the 
British high commissioner in Australia. 

An earner signal from the Hawkesbury 
stated that radiation from Britain's first A- 
bomb explosion would pose a "consider- 
able hazard to health" for six months and 
"possibly even longer". With this in mind, 
the Commonwealth Relations Office told 
the high commissioner "We should be glad 
to know whether they [the Australian 
government] propose to take the view that 
any intruder is there at his own risk and to 
rely on their declaration of the islands as a 
prohibited area unsupported by any 
physical guard." 

The high commissioner replied two 
weeks later saying that the AustraUan 
government would display warning notices 
in post offices and jetties in the area and a 
large notice "will be erected on the islands 
to the effect that persons landing there do 
so at their own risk". 

The Australian government, however, 
had not by this time finalised its plans to 
deal with the problem of contamination, 
and was waiting for the latest report from 
the Hawkesbury. □ 
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Toxic fumigant banned for US grain harvest 



THE US government last week banned 
ethylene dibromide (EDB), a popular 
fumigant sprayed on grain and some fruit 
and vegetables. And it urged shopkeepers 
to remove products containing the 
pesticide from their shelves. 

The government's watchdog, the Envi- 
ronmental Protection Agency (EPA), 
voiced its concern last year about the appli- 
cation of EDB to kill pests in stored grain 
and milling machinery. But it has decided 
to act now after health officials discovered 
dangerous levels of the chemical in food. 

No one knows where or how much 
contaminated grain is on sale or stored in 
silos. The government's agricultural offi- 
cials estimated in 1980 that up to five per 
cent of American grain in storage was 
sprayed with EDB. But contaminated grain 
is often mixed with uncontaminated sup- 
plies. Last year the US produced 393 
million tonnes of grain — almost one-third 
was exported. 

EDB is a halogenated hydrocarbon simi- 
lar to DDT. In 1 975, scientists found that it 
caused cancer in laboratory animals and, 
later, that it caused chromosomal muta- 
tions. The EPA estimates that a population 
exposed to 31 parts per billion during a 
lifetime could expect 3 ■ 3 additional cancers 
per 1000 people. 

When EDB was approved in 1948, grain 
looked clean because it was not possible to 
measure such small concentrations. A 
quirk in US law forbids the EPA from now 
setting mandatory maximum levels of the 
chemical in grain and food products. 

Last week, however, the EPA gave state 
governments a set of optional guidelines. 
Levels of EDB should not exceed 900 parts 
per billion in raw grains that are intended 
tor human consumption. For intermediate 
products that will be cooked, such as flour, 
bilking mixes and certain cereals, the 
maximum is 150 parts per billion. For 
ready-to-eat products, such as cold cereals. 

Army blackballed at JPL 

SCIENTISTS at the California Institute 
of Technology (Caltech) in Pasadena 
are objecting to the creation of a new army 
think-tank at the institute's Jet Propulsion 
Laboratory (JPL) — but there seems to be 
little they can do about it. About 200 
faculty members last week accused the 
Caltech administration of misleading them 
over the nature of the army facility, called 
the Arroyo Center. Caltech administers 
JPL for NASA. 

They say the think-tank represents a 
move for JPL away from high technology 
and systems engineering to policy matters 
and classified research. But the adminis- 
tration says JPL needs to diversify its work 
and funding because NASA's commitment 
to unmanned space exploration has been 
waning. 

The faculty last week voted over- 
whelmingly for Caltech to divest itself of 
the army centre "expeditiously and in a 
responsible fashion at the earliest possible 
time". But the faculty acknowledged that 
this could not be done until the "present 
commitments" with the army had been 
carried out. 

The faculty vote is advisory only. □ 



Christopher Joyce, Washington DC 

snack foods, bread and baked goods, the 
residue should not exceed 30 parts per 
biUion. 

After the dangers of EDB's were discov- 
ered in the mid-1970s, President Jimmy 
Carter's advisers began pushing for a ban. 
Under President Reagan's EPA, however, 
little was done while ail federal regulations 
were reviewed. 

But in 1982, state authorities began 
finding the chemical in ground water — its 
most common use in the United States has 
been for killing nematodes (root worms) in 
soil before planting. So last September the 
EPA banned EDB as a soil fumigant, which 
accounted for about 95 per cent of the 9 
million kilograms used in agriculture every 
year. 

The EPA's director, William Ruckels- 
haus, has decided to wait for more informa- 
tion before banning the spraying of EDB on 



imported fruit, where it kills incipient fruit 
flies. He estimates that only a tiny fraction 
of fruit on sale in the US has been 
contaminated significantly. 

By far the lai^est use for EDB in the US 
and elsewhere is as an additive to leaded 
petrol, where it prevents lead from fouling 
the engine. The EPA says however, that the 
chemical is burned up during combustion, 
and poses no threat to health. 

Nine manufacturers of EDB challenged 
the EPA's initial action against the pesti- 
cide last year. But last week's emergency 
ban shows that Ruckelshaus is playing 
tough. He says he plans to clear EDB com- 
pletely out of man's food chain in three 
years. 

In Britain the use of the ethylene 
dibromide pesticide is restricted to fumi- 
gating machinery that handles grain. It has 
not been sprayed onto grain directly since 
1981, (A^ew Scientist, 13 October 1983, 
P 77). □ 



Hamburg charges ahead with particle accelerator 




ONL'i' ONE hurdle now stands in the 
way of West Germany building a 
particle accelerator that will, for the first 
time, collide beams of electrons and 
protons head on. Lack of support from 
other countries is the only thing that could 
scupper the scheme, which won a DM 97 
million boost at the end of last month from 
the city of Hamburg's senate. The city has 
given the money because the project will be 
sited at DESY. the particle-physics labora- 
tory sited near Hamburg's outskirts. 

DESY normally receives 90 per cent of 
its money from the federal government and 
the rest from the city of Hamburg. 
However, the city has agreed to provide 20 
per cent of the cost of civil engineering on 
the new project, called HERA. Most of the 
building contracts will go to local firms. 

The total cost of HERA will be DM 660 
million (at 1980 prices). The federal 
government has already approved around 
DM 45 million for 1984. 

Meanwhile, discussions continue on the 
possibility of support from France, Italy, 
Canada, the Netherlands, Israel and 
Britain. DESY is keen to involve scientists 
from Britain's Rutherford Appleton Labo- 
ratory who are experts in accelerating 
protons. DESY has plenty of experience in 
building electron machines, but none at all 
with protons. 

If the final details of the international 
contribution can be settled, construction of 
the new machine will begin in May. 
Already DESY has carried out much 
research on the superconducting magnets 
needed to steer the beams through a tunnel 



Test shed for the proioiype muiinels and 
(top) building the bending magnets 

6-3 kilometres in circumference. The first 
prototype magnets are ready for testing in a 
specially built area that simulates condi- 
tions in the real machine. 

HERA could be ready by January 
1990. 

It will complement the huge electron- 
positron collider being built at CERN, the 
international laboratory at Geneva, and 
the superconducting proton machine at 
Fermilab in the US. 

Christine Sutton 
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Washington defers action on acid rain 




THE HEAD of 
the US's En- 
vironmental Pro- 
tection Agency 
(EPA), a govern- 
ment watchdog, 
last week de- 
fended a decision by President Reagan not 
to take action on acid rain. Reagan 
announced a doubling of funds for more 
research, but no controls. 

When he appointed William Ruckel- 
shaus as head of the EPA, Reagan identi- 
fied acid rain as one of four priorities for 
the agency. Many people had expected 
Ruckelshaus to announce at the end of last 
year a programme to cut emissions of 
sulphur dioxide and other pollutants that 
cause acid rain. Instead, Ruckelshaus 
last week told a Senate environmental 
committee that no measures would be 



taken for the moment to control acid rain. 

The Senate committee, which last year 
approved a bill calling for an eight-million 
tonne reduction in sulphur emissions, was 
not pleased. "I regret that all that has been 
accomplished since you last appeared 
before this committee is nine more months 
of delay," George Mitchell, a Democrat 
from Maine, told Ruckelshaus. 

Ruckelshaus described Reagan's plan as 
"rational, not irresponsible". The door was 
not closed on enforcing reductions in emiv 
sions, but "before launching the country on 
an expensive and potentially divisive 
control programme, we feel we need more 
scientific information", especially on the 
scope and pace of the damage, he said. 

As part of the research effort, concen- 
trations of nitrates and sulphates in up 
to 3000 lakes will be monitored to 
determine long-term chemical and bio- 



logical changes in the water. 

Those data should be available by the 
end of this year, Ruckelshaus said. Next 
year a survey of the scale of damage to 
forests will begin. Ruckelshaus admitted 
that such research should have started as 
much as 10 years ago. 

Ruckelshaus promised that if the damage 
is found to be worsening, then the adminis- 
tration would act quickly. On the other 
hand, if the situation is stable, then there is 
more time for research and planning, he 
said. Ruckelshaus will ask the National 
Academy of Sciences to set up a committee 
to investigate. 

The senate committee was not convin- 
ced by Ruckelshaus's reassurances. It plans 
to introduce another control bill. But with- 
out support from the administration it has 
little chance of success in Congress. 

Leslie Roberts, Washington DC 



Industry pays for California's acid research 



CALIFORNIA has discovered, to its 
surprise, that it has an acid rain 
problem. Now, with characteristic 
thoroughness and scientific ingenuity, the 
state has launched an $18-million study of 
the problem. Half the money to finance the 
work will come fi-om the state's 35 largest 
industrial polluters. 

The state wants a network of 36 moni- 
toring sites. Most will be near Los Angeles 
and San Francisco and in the Sierra 
Mountain chain along the Califor- 
nian border with Nevada. 

Officials say the seven federal 
monitoring stations in the state do 
not provide sufficient reliable infor- 
mation. 

California's acid rain appears to 
be largely home-grown. The state is 
not down wind of anybody else's 
pollution. Recent research has 
produced dramatic evidence of the 
scale of the problem. At Corona del 
Mar, a coastal town south of Los 
Angeles, droplets in a winter fog 
apparently had a level of 1 -69 pH 
— about the acidity of Domestos. 
Early results from the new moni- 
tors have shown mean pH values 
below 5 in six places in southern 
CaUfomia. Readings in Pasadena 
were as low as 3 - 1. 

But the Air Resources Board, 
which is charged with running the 
new study, says that before controls 
are proposed, it wants to know 
more about how acid pollution is 
formed in California, and what 
impact it has. 

The total of $ 1 8 miUion for the 
study will be spent over the next 
five years — $2 million this year and $4 
million in each succeeding year. Half the 
money will come from fees levied on 35 
companies — mainly from the petroleum 
and power industries. A portion of the fees 
for motor registration wUl pay for the rest 
of the resctirch. 

Scientists are concerned that acid rain 
will threaten streams and lakes in the Sierra 
Nevada, where the rocks cannot neutraUse 
the acid. The University of California and 
the US Forest Service have begun testing 



snowmelt there for signs of acid deposition. 

But a more imm^ate problem is dry 
deposition — particulates and gases that are 
converted into acids by water after landing 
on plants or buildings-;-and acid fogs. 
SouUiem California, which includes Los 
Angeles and the vast agricultural areas of 
the San Joaquin Valley, is most vulnerable. 
Production of some crops has fallen by as 
much as 20 per cent and pollution, includ- 



How to sample acid fog, the Californian way 

ing acid deposition and ozone, is being 
blamed. 

Researchers from the California Institute 
of Technology have concluded that dry 
deposition of acid is 15 times more preva- 
lent than acid rain in the south of the state. 
The new study will measure both wet and 
dry deposition. 

Michael R. Hoffman, an environmental 
engineer, has found that fog in the Los 
Angeles area is often 100 times more acidic 
than the rain. To capture the elusive fog 



droplets, Hoffman has developed a propel- 
ler-like blade that spins at 1700 revolutions 
per minute, pushing the moisture into col- 
lection bottles at either end by centrifugal 
force. 

Hoffman believes that, in the evening, 
fog forms on the haze aerosol that made up 
part of the day's smog. Next morning the 
fog evaporates, leaving the aerosol, which 
helps form another smog episode. 

Hoffman has developed his 
theories to predict the likely acidity 
of the notorious London smog of 
1952, which killed more than 4000 
people. On the basis of recorded 
emissions of sulphur dioxide and 
the height of the inversion layer, 
Hoffman estimates the smog would 
have had a pH of between 1-4 and 
1 -9. He believes that the acidity of 
the smog, which was not recorded, 
may have been an important cause 
of the deaths. The impact of acid 
fog on lungs will be part of the 
Californian study. 

Meanwhile, researchers from the 
University of California at River- 
side have more bad tidings for acid- 
deposition watchers. Using a 
German-designed UV spectro- 
meter that is capable of sending 
light beams across 17 kilometres, 
James N. Pitts and Arthur M. 
I Winer have detected the formation 
% of nitric acid at night in Los 
a Angeles. Previously it had been 
* thought that nitric acid formed 
I only during the daytime, by chem- 
da: ical reactions driven by sunlight. 
Nitrate radicals, which lead to the 
formation of nitric acid, have been 
found at night in four locations in the 
Mojave Desert, east of Los Angeles. 

California's love affair with the auto- 
mobile adds significantly to the nitrogen 
part of the acid equation. From March, the 
exhaust emission from vehicles in 19 of the 
counties with the worst air pollution will be 
checked every two years. About half of all 
cars are expected to fail the inspection and 
wiU require maintenance. This action is 
being undertaken so that the state can 
follow the Qean Air Act in 1987. □ 
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Reagan reaches for the sky 



RONALD REAGAN'S drive to develop 
a new generation of weapons will take 
60 cents out of every dollar in next year's 
federal R«&D budget in the US. Reagan's 
budget, published last week, includes $34 
billion towards Trident II, the new 
submarine-launched missile; MX, the 
inter-continental ballistic missile now 
renamed the "peacemaker"; the new X-1 
bomber, and a host of tactical weapons for 
the battlefield. Not only does defence win a 
bigger slice of the R&D cake — the cake has 
also grown, by 14 per cent to $53 biUion. 
One of the biggest new ventures is the 
"strategic defence initiative", commonly 
known as star wars. This venture includes 
plans to build laser machines and particle- 
beam accelerators both on Earth and in 
space to shoot down the Soviet Union's 
nuclear missiles in flight. It also supports 
research into anti-satellite weapons. The 
star wars bill will run to $1 - 7 billion next 
year. That is, about seven times what the 
government spends on research in the 
environment and twice the total agricul- 
tural research budget. 

Once military spending is accounted for, 
the increase in the new R&D budget is well 
below the predicted rate of inflation of 4-7 
per cent. The White House has made room 
for several new projects, however, as it 
continues to slice away at appUed research, 
while fattening up basic research. 
One piece of appUed research that did get 



Christopher Joyce, Washington DC 

the nod is the first small step, costing $ 1 50 
miUion, toward building an orbiting space 
station. Though scientists are worried that 
the station will devour NASA's budget for 
the next decade, the agency has come 
through with three new space science 
projects; a mission to orbit Mars, a satelUte 
to probe the chemistry of the upper atmo- 
sphere, and an orbiting instrument to 
measure global wind patterns on the 
surface of the ocean. 

At the National Science Foundation 
(NSF), which funds basic research at 
universities, the White House has been 
generous. Some of the NSFs 14 per cent 
boost will go to a new centre for cross- 
disciplinary research in engineering. NSF 
will also start payments on a new project 
for astronomers, the Very Long BaseUne 
Array (VLBA). It will consist of several 
radio antennas strung across the continent 
but acting as one instrument. It will 
improve the resolution of analysis of 
cosmic radio sources by between 100 and 
1000 times. 

Aside from its work on nuclear weapons, 
the Department of Energy continues to 
decUne. The death of the Qinch River 
Breeder reactor project now seems final. Its 
demise will save the taxpayer many 
miUions of dollars this year, while the 
search begins for a new vehicle for breeder 



technology. Inertial confinement fusion, 
which uses lasers fired at small targets to 
generate nuclear fusion, met its end this 
year as well. That leaves the field to 
magnetic tokamak and mirrors. 

High-energy physics survived unscathed, 
and saw new money for planning the 
huge electron-accelerator to be built in 
Virginia. The Federal Laboratory at Brook- 
haven will also get a new heavy-ion acceler- 
ator. 

Reagan showed his usual beneficence for 
the physical and mathematical sciences. 
But the White House's science adviser, Dr 
George Keyworth, also points to initiatives 
in biotechnology, especially for agriculture, 
and he calls for more young scientists to be 
trained in this field. 

Keyworth says the government has 
accepted that sulphur emissions from 
power plants cause acid rain. The Environ- 
mental Protection Agency and the Energy 
Department will now spend several years 
on the ticklish question of whose pollution 
is destroying whose lakes and forests, and 
how to stop it (see facing page). The 12 per 
cent overall increase in the EPA's budget is 
a small victory for the revived agency and 
its new director, WiUiam Ruckelshaus. 

Reagan's budjget must first be approved 
by Congress. If Uie past three years are any 
guide. Congress will trim military fat and 
restore some of the funding for general 
science. □ 



Britain's worst winters start here 



THE BREEDING grounds for much of 
Britain's worst weather, on the edge of 
the Arctic Circle, are being investigated this 
month by reseachers from the US, Britain 
and Norway. The study hopes to witness 
the birth of the low-pressure systems, the 
Arctic cousins of tropical hurricanes, which 
sweep down from the Arctic upending 




ships, disrupting work on North Sea oil rigs 
and blanketing Britain in snow. 

The investigation started late last month, 
when two American research aircraft 
arrived in Keflavik, Iceland, carrying a 
wealth of scientific instruments. For two 
weeks scientists from the National Oceanic 
and Atmospheric Administration (NOAA), 
NASA and the US Navy studied the inter- 
action between atmosphere and ocean, and 
between warm water and ice off the east 
coast of Greenland, where ice flows 3000- 
metres thick enter the sea. It is here that the 
Icelandic lows appear to be bom. 

This week, the American scientists are 
moving to Bodo in Norway, where 
scientists from the British and Norwegian 
meteorological services are to join them. 
Here the team will begin the first detailed 
study of a second breed of Arctic low- 



Polar lows form around Iceland and head 
south. Left: Tracker planes follow 

pressure systems — the small, violent storms 
known as polar lows. They resemble tropi- 
cal hurricanes and appear to be whipped up 
in areas where open, relatively warm water 
is swept by strong outbreaks of cold polar 
air from the icecaps. 



Melvyn Shapiro, a meteorologist at 
NOAA, says these Arctic hurricanes are 
perhaps 1 50-kilometres wide with maxi- 
mum wind speeds of 80 knots. Some even 
have an "eye" in the centre. "We can't say 
now whether they are produced by con- 
vection or by heat transfer fi-om the ocean 
or by a passing wave in the mid-tropo- 
sphere. We don't know if they are warm- 
core Uke hurricanes or cold-core, as 
mid-latitude cyclones are supposed to be." 

As oil rigs march steadily northwards in 
the North Sea the importance of under- 
standing these Arctic hurricanes grows. 

The techniques for probing Arctic storms 
are the same as those developed for 
exploring tropical hurricanes. An initial 
sortie is made by an aircraft into a stream of 
cold air where, if the predictions are cor- 
rect, a polar low could develop. Meanwhile 
a second team stays behind to watch 
satellite photographs for the first sign of a 
new low in the area. This team then fUes 
through the new low as it moves out of its 
spawning ground and be^ns to intensify. 

The aircraft taking part in the study carry 
a vride array of meteorological radars, aug- 
mented by a new doppler system, which 
allows observers to monitor the movement 
of moisture particles. A typical flight may 
last 10 hours. The scientists will drop 
sensors as they go. Expendable bathy- 
thermographs dropped from the aircraft hit 
the sea's surface, leaving a buoy-mounted 
transmitter, while a thermometer falls 
towards the sea floor, providing a profile of 
the temperature of the sea. Such experi- 
ments are crucial to the discovery of the 
circumstances of the ocean in which the 
lows form. □ 
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Coming of age in Macaca 



When food is plendful, macaques are amicably promiscuous. But females are more choosy when life 
is hard, and the males respond by becoming both more aggressive and more virUe 

Julian Caldecott 



Male pig-tails make better lovers? 



IT IS soon after dawn in the Rif 
mountains of northern Morocco, 
and the overnight dew is beginning 
to evaporate from the leaves of the 
mixed oak forest which clings to the 
steep and craggy terrain. The shaking 
of branches, scuffling in the under- 
growth and an occasional cooing call 
betray the presence of a group of 
foraging monkeys. They are Barbary 
macaques, Macaca sylvanus, members 
of the only nonhuman primate species 
in Africa north of the Sahara and the 
only species of macaque living wild 
outside Asia. 

One of them, an adult female, moves 
into view, sturdy and brown-furred. Her most striking feature 
is a dark, glossy, rounded, pillow-like swelling across her 
buttocks. This mass of water-packed tissue has been formed 
temporarily under the influence of concentrated oestrogens 
in the female's blood, hormones secreted by her ovaries to 
prepare the body for reproduction. The great swelling is a sign 
that the female is within a very few days of ovulating. A week 
ago it was hardly visible, and a week in the future it will have 
collapsed to wrinkled flaccidity. Now, though, she is ready to 
be fertilised. 

An adult male, of similar build to the female, is following 
her closely, and the two stop together in a patch of sunlight 
among the trees. He has been keeping close watch on her 
swelling as they travelled, and as she turns it prominently 
towards him in the unambiguous posture of sexual 
presentation, he mounts her at once. Standing pressed against 
her, he thrusts nine times in as many seconds, before pausing 
for a second or two at ejaculation and then dismounting. 

After this quick bout, the female's first this menstrual cycle, 
she walks away from the male. He tries to follow, but as soon 
as a gap of several metres is formed between them, she is 
joined by another male and the first falls back. The newcomer 
had been waiting nearby for just this opportunity to consort, 
and the female accepts him without hesitation. Like the first, 
he is a member of her group and long familiar to her; within 
a few minutes they will mate — a quick copulation — and again 
the female will move on to a new partner. She will repeat this 
performance perhaps 40 times during the day, and likewise 
on subsequent days until her swelling subsides after 




ovulation. Each exchange of consorts 
will be amicable enough — relations 
between males are tolerant and 
relaxed — and most likely every male in 
the group, even those not yet fially 
adult, will mount the female at least 
once before she begins to gestate an 
offspring of one of them. 

Meanwhile, it is mid-afternoon in 
Sumatra. The deeply textured canopy 
of a rainforest gleams in many shades 
of green under hot, equatorial sunhght. 
Distant grumbUng clouds suggest 
heavy rain later; but now the forest is 
still, apart from the white noise of cica- 
das and the drift of faUing leaves. A 
cooing call, very similar to that just heard in North Africa, 
rises and falls, to be answered by others from among the 
seedlings and miniature palms of the forest floor. A group of 
pig-tailed macaques, Macaca nemestrina, is spread widely in 
the deep shade below the trees. The monkeys are resting 
briefly, sifting carefiilly through leaf Utter, overturning fallen 
wood, or pattering along to keep up with one another. 

An adult female emerges from behind the curtain-like 
buttress of a giant tree, pauses and looks about her before 
doubling back out of sight. As she turns, she shows the huge 
red swelling which affects all the naked skin from the base of 
her tail to her vulva, surrounding the anus, and which, as with 
the Barbary macaque on the other side of the world, reveals 
the nearness of her ovulation. 

Behind the tree, she joins her adult male. He is sitting, but 
even so his massive physique is clear — nearly double the 
female's weight; his shoulders are especially heavily muscled 
and deeply furred. He is surveying the middle distance, but 
glances at the female as she approaches. At once she turns to 
present her swelhng to him, crouching and looking at him 
over her shoulder. He looks away. She holds her posture for 
a moment, before straightening and moving to squat next to 
the male, and beginning to groom him intensely. Shortly she 
presents again, and this time the male responds, mounting 
her for 13 pelvic thrusts in 10 seconds and then disengaging 
without having ejaculated. Over the next half hour or so, the 
cycle is repeated: the female grooms and presents in regular 
alternation, the male responds by mounting a dozen times 
with decreasing hesitation until at last he ejaculates. During 




this final mount, the female 
grimaces and reaches back to 
clutch the male's thigh with 
one hand; the male squeaks 
and is ri|id for a moment, 
before sitting down and 
eating some leftover ejacu- 
late. 

For the rest of the day, and 
for subsequent days until just 
after ovulation, the female 
remains with the male as 
they travel near their group 
through the forest, she 
tirelessly maintaining their 
joint routine of grooming, 
presenting, mounting and 
occasional ejaculation. The 
female does not leave the 
male for another; but her 
swollen appearance is 
enough to excite and attract 
other males. The male she is with is the only fully adult male 
in her group; but one or two adolescents are loosely attached 
to the group and may approach her. These males normally 
avoid the adult male; they threatened in the past, and will 
eventually have to leave the group. Meanwhile, their interest 
in the swollen female can result in serious confrontation. 
These maturing males are joined by fully adult males which 
may have attached themselves to the distant periphery of the 
female's group from elsewhere. The consorting male will 
tolerate none, driving them off with an escalating display 
involving facial gestures, "bruk" calls and, if necessary, 
violent attack with his long canine teeth. 

The Barbary and pig-tailed macaques clearly have different 
approaches to mating — even though they tielong to the same 
genus, and are quite similar anatomically and in many other 
ways. Female Barbary macaques are promiscuous, forming 
very transient consortships, while femede pig-tailed macaques 
are much more faithful to one male during prolonged 
consortships. Barbary macaque males, meanwhile, tend to 
ejaculate after only one mount of the female, and maintain 
friendly relations with one another, while pig-tailed macaque 
males mount repeatedly before ejaculation and are markedly 
antagonistic towards other males. There seem to be two quite 
different systems in operation. 

Both of these systems seem to make sense separately. An 
important starting-point for the explanation of either system 
is the assumption that female macaques become not only 
highly sexually attractive to males as they approach 
ovulation, but also highly sexually motivated. There is 



increasing evidence for this, 
derived from captive experi- 
ments in which females are 
allowed to choose whether 
males have access to them, 
and also from observations 
of macaques held in large 
compounds and of wild 
groups. In these situations, 
females can avoid males if 
they are not willing to mate, 
and can approach them or 
allow their approach if they 
are. In such circumstances, 
and particularly in the wild, 
females tend to mate only 
near ovulation. This behav- 
iour contrasts sharply with 
the behaviour of male and 
female monkeys held 
together permanently in 
small cages. 

Mating, in other words, is linked to ovulation to the extent 
that females are able to control their sexual interactions. This 
control is greatest in the wild since there is more space, and 
forests are structurally more complex than cages or 
compounds. In the wild, too, there is the problem of food 
supply: the foods which macaques eat, principally ripe fruit 
and insects, are too scarce for females to tolerate the close 
proximity of laree, hungry and behaviourally dominant 
males for most of the time. This scarcity of food encourages 
the female to put off mating for as long as possible, and put 
a stop to it quickly — a balance between hunger and sexual 
motivation which shifts in the latter's favour for only a few 
days in each menstrual cycle. 

In both the Biu-bary and pig-tailed macaques, then, the 
female shows similarly obsessive sexual behaviour as she 
approaches ovulation; the difference is that in the Barbary she 
receives the ejaculate of many males while in the pig-tailed 
she receives that of only one. By exchanging males so rapidly, 
the female Barbary macaque creates a condition in which 
each male must ejaculate quickly if he is to stand any chance 
of fathering offspring. Yet each male has at least some chance 
of having fathered any baby that the female subsequently 
produces. Presumably because of this uncertainty about 
paternity, male Barbary macaques treat infants well, and the 
young monkey grows up in a society in which it often receives 
intense care (such as grooming and cuddling) from adult 
males. Even maturing males are not driven out of the group 
of their birth, but remain to breed within it. Because of this 
harmony, one assumes, the ratio of adult males to adult 
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Male Barbary macaques 
kind to the children 



females in groups of this 
species averages about 1:1; 
the added male mortality 
caused by fighting and the 
hazards of emigration and 
immigration is much re- 
duced. Females do not trans- 
fer between groups either, so 
groups of Barbary macaques 
are are probably very inbred. 
This inbreaiing, in turn, 
should reinforce the solic- 
itude of adult males for immatures — each adult male, if not 
the father, is undoubtedly closely related to the other adult 
males, and to their oflFspring. 

It is hard to imagine an arrangement less Uke the Barbary 
macaque's than that of the pig-tailed. Here, since females 
remain with males in prolonged consortships, a male's 
reproductive success depends upon his being chosen as a 
sexual partner by a female. Thus males must simultaneously 
exert themselves to reduce the chance of other males being 
chosen — by excluding other males — and to increase the 
chance of themselves being chosen, preferably not just once 
but many times. Given the female pig-tailed macaque's way 
of mating, the male must reward the female's sexual advances 
adequately to sustain her preference for him as a partner in 
the future. Male potency must be maintained, and this is 
achieved by deferring ejaculation and ejaculatory fatigue 
— hence the long series of mounts before ejaculation. 

Monogamy is lethal 

With the emphasis in the pig-tailed macaque firmly on 
male competition with one another, it is not surprising that 
relations between males are rather strained. Maturing males 
are pushed to the peripheries of their groups and strange 
males are repelled. This antagonism encourages males to 
leave the groups and leads to higher mortality among males. 
Adult sex ratios within groups of pig-tailed macaques are 
normally very skewed in favour of females. And since male 
monkeys invariably leave the groups of their birth and mate 
elsewhere if lucky, pig-tailed macaque populations are proba- 
bly far more outbred than those of Barbary macaques. 

If the Barbary and pig-tailed macaques have such different 
systems of mating and society, what of the other 15 or so 
species in their genus? Considering for how long macaques 
have been studied in various ways — ^in captive, semi-wild and 
wild conditions — surprisingly few species are well-enough 
known for their societies to be compared with the Barbary's 
and pig-tailed's. But one would expect various features to go 
together: ejaculation after a single mount with bnef 
consortships, amicable inter-male relations, a lack of male 
emigration and an equable adult sex ratio, contrasting with 
ejaculation after several mounts with long consortships, 
antagonism between males, common emigration of males 
and a skewed sex ratio among adults. These features do 
indeed seem to be associated, so that the better-known 
macaques can be assigned fairly confidently to two groups. In 
one group, aligned with the Barbary macaque, are the south 
Indian bonnet macaque, M radiata, and the Southeast Asian 
bear macaque, M. arctoides. In the other, standing alongside 
the pig-tailed, are the south Indian lion-tailed macaque, M. 
silenus, the Indian rhesus macaque, M. mulatto, and the 
Japanese macaque, M.fuscata. 

Why should the genus be divisible in this way? Put another 
way, why should the females of some species mate so as to 
encourage their societies to contain many males (sex ratio 
near 1:1), while others mate to achieve the opposite effect? 
The answer seems to lie in a subtle cost-benefit analysis. 
Adult males within groups compete with females and their 
offspring for food. But on the other hand they may offer 
protection against predators or other benefits of care. The 
reproductive interests of females may best be served by differ- 



ent sex ratios in different environments. All else being equal, 
Barbary macaque-like societies should be found in species 
adapted to relatively food-rich habitats, and pig-tailed 
macaque-like ones in those adapted to poorer habitats. 

It is very difficult to measure the "quality" of a macaque's 
habitat. But at least some variables affecting it have now been 
identified. Macaques are forest-dwelling animals, and forests 
are better or worse homes according to their productivity (the 
amount of new growth each year which might in principle be 
eaten), their seasonality (is there food year-round?), their 
floristic composition (affecting when foods are produced and 
in what form), and their phytochemistry (the proportion of 
potential food which is denied to macaques because it 
contains poisonous or indigestible chemicals). These features 
often seem to be interrelated: for example, floristic 
composition affects phytochemistry because different groups 
ofplants have different chemical attributes. And productivity 
affects phytochemistry because forests struggling to grow in 
unfavourable conditions invest more in chemical defences. 

Looking at the immense area of Asia inhabited by 
macaques, from Pakistan to Sri Lanka, China, Japan and the 
outlying islands of Indonesia and the Philippines, the genus 
has clearly occupied a very great range of forest types. Both 
latitude and altitude affect the quality of these forests as 
habitats for macaques, with colder, drier and more seasonal 
forests offering more uncertain supplies of food. In South and 
Southeast Asia another important variable is the abundance 
of trees belonging to the family Dipterocarpaceae — the more 
dipterocarps, the worse the forest. Dipterocarps are inher- 
ently rather inedible, being resinous and having wind- 
dispersed seeds. They also fhiit only sporadically and en 
masse, with long barren periods between, and they are associ- 
ated with generally unfavourable forest phytochemistry. 

Taking all this into account, it looks as though bonnet and 
bear macaques live, as predicted, in re^ons whose forests are 
relatively hospitable, while pig-tailed, lion-tailed, rhesus and 
Japanese macaques all live in poorer habitats. At present, this 
amounts only to a hint of a relationship between habitat and 
macaque society, and much more needs to be discovered 
before any such relationship is established. Some information 
seems to contradict the hypothesis, in any case: the Barbary 
macaque itself, for instance, can hardly be said to occupy a 
particularly favourable habitat in the North African moun- 
tains. This species, however, has been displaced from most of 
its range in the hospitable Mediterranean lowlands by recent 
human activity, so the picture is clouded, perhaps beyond 
resolution. Meanwhile, the long-tailed macaque, M. fascicu- 
laris, makes a very ambiguous contribution to the debate 
— reports have it living in rich forests, with a society akin to 
that of rhesus and Japanese macaques, and with males which 
ejaculate after single and multiple mounts with almost equal 
frequency. But this species occupies such an enormous 
geographical range — from continental Southeast Asia to the 
distant reaches of the Malay Archipelago — that there is plenty 
of scope for differences between populations. 

Until much more research has been done in the wild, many 
questions will have to remain. But it is quite Ukely that some 
of their answers will never be found, since the forest homes of 
the macaques are being rapidly destroyed by people. Several 
species may soon cease to exist in the wild, and even the 
commoner distributed macaques will end up living in scat- 
tered, disturbed and unnatural locations. At present, at least 
this much can be said: the macaques are a much more diverse 
genus than has usually been thought, and it is no longer 
possible to assume that species can stand in for one another 
in research projects, nor that captive studies can substitute for 
field work. How much more will ever be said depends on the 
diligence with which we conserve and study these fascinating 
monkeys. □ 



Dr Julian Caldecott worlds in the Sub-Department of Veterinary 
Anatomy at the University of Cambridge. 
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Whatever happens to nitrogen? 

The cycling of nitrogen through soil and air and living thii^ affects the productivity of crops, 
human he^th, and the environment at large. But, as a Royal Society study group now reveals, 

the details of its peregrinations are largely unknown 

Colin Tudge 



PEOPLE need nitrogen: not in the simple gaseous form in 
which it makes up 80 per cent of the atmosphere, but as 
a constituent of protein and of genes. Indeed, Britain's 
56 million people ingest some 300 000 tonnes of it per year. 
But people can also be poisond by it, principally in the form 
of nitrates in the water, which in the short term affect the 
blood and in the longer term may possibly promote cancer. 
Plants and fish are poisoned by rain made acid partly by 
oxides of nitrogen, and buildings are corroded by it. This is 
why the toings and froings of nitrogen, in and out of soil and 
water and air and living things, should be understood and 
controlled. But the astonishing truth now revealed by the 
Royal Society study group on The Nitrogen Cycle Of the 
United Kingdom is that although there are masses of data, the 
fate and activities of nitrogen are not well understood. The 
group, led by Professor W. D. P. Stewart of the University of 
Dundee, concluded that what's needed above all is research; 
a great deal of it, done collaboratively between government 
departments and industry, and universities and institutes. 

The atmosphere merits particular study. It giveth to the 
nitrogen cycle, as the gas (N2) is incorporated into soluble 
nitrates and ammonia in the soil or water; and it taketh away, 
as those same compounds are denitrified, mainly by soU bac- 
teria. What matters is not nitrogen itself but the ammonia 
and oxides of nitrogen that enter the atmosphere in vast 
amounts from farmland, towns, freshwater and sea. 
Perhaps the greatest unknown of all is the fate of the am- 



monia that volatilises into the atmosphere. Some (an un- 
known amount) comes from alkaline fresh water and the sea, 
but most comes from animal excreta and sewage sludge, and 
ammonium fertiUser. Some of what escapes from the soil is 
recaptured by the plant canopy, but how much is unknown. 
Ammonia may in part help to neutralise acid rain; the extent 
to which it does so is also unknown. Again the study group 
calls for extensive research. 

More obviously important are the oxides of nitrogen. Once 
they were seen as a threat to the ozone layer in the outer 
atmosphere, which shields the Earth from too much ultra- 
violet radiation; but such a threat, says the group, is not Ukely 
to be significant "now or in the foreseeable fiiture". What is 
significant is that acid rain can no longer be attributed solely 
to oxides of sulphur; oxides of nitrogen, dissolving to form 
nitric acid, now seem to be responsible for about a third of 
rainfall acidity in northern Britain. Where exactly those ox- 
ides come from is, again, not known. Some obviously comes 
from the burning of fossil fuels, some is released from the sea; 
and some presumably comes from agricultural land— but 
how much, and whether the amount is affected by changing 
practices of agriculture, is "scarcely known either". 

The Royal Society study group calls here for a "detailed 
study" to provide basic information without which 
"government could take policy decisions related to the acidi- 
fication of the environment which cannot be justified 
scientifically or economically". The group wants this iiifor- 
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mation quickly ("within five 
years") and urges the Royal 
Commission on Environ- 
mental Pollution to "pay 
particular attention to the 
problem of acid deposition as 
part of its current study of air 
pollution, or as a separate 
issue". In truth, the role of 
nitrogen oxides in acid rain 
took the group by surprise. 
When it convened in 1979 
such oxides were not con- 
sidered important. 

The fate of nitrogen in 
Britain's fresh water is better 
understood. It is clear that 
most of the maverick com- 
pounds of nitrogen coming 
from the atmosphere and the 
land pass through Britain's 
rivers, lakes and aquifers on 
their way down to the sea. 
Indeed the rivers deliver 
more than 350 000 tonnes of 
nitrogen a year to the sea 
from land and sewage. 

Nitrates are the potential 
problem; in high concentration, they affect human health. 
The World Health Organisation recommends, and the EEC 
demands, that potable water in Europe should not contain 
more than 11-3 milligrams of nitrate nitrogen per litre. 
Though the rivers of Britain "are, in general, among the 
cleanest in the EEC" it is clear that in some the levels of 
nitrate "are steadily increasing". But even this information is 
not as clear as it should be, because there are few long-term 
records of nitrate levels in fresh water, but those that there are 
show a 50 to 400 per cent increase over the past 20 years. At 
least now there is a national network of stations that monitor 
water nitrates, which the group strongly supports. 

The group sees no need for panic: there is "no immediate 
problem relating to nitrate level in waters which cannot be 
adequately handled by the water industry". But it sees no 
room for complacency either. Thirty per cent of Britain's 
water supply comes from groundwater, in which the concen- 
tration of nitrogen in some cases has "risen substantially" 
over the past 10 to 15 years. Furthermore, "in many areas 
equilibrium levels have not been reached". Specifically, 
nitrate nitrogen can now be observed trickling its way down 
through the aquifers into the main bodies of groundwater, 
perhaps to reach a maximum concentration in 20 to 30 
years — sometimes to take the nitrate levels well above the 
EEC maximum. In that 20 years a great many more 
people will have moved into precisely those areas in the 
Midlands and Southeast that are most likely to be the most 
polluted. 

But even the traditionally pure waters of the uplands are 
not safe. They now carry the bulk of Britain's two million 
hectares of forest, and this could double, eventually to cover 
12 per cent of Britain's area. It is clear that such afforestation 
can have great effects on the flow of water in general, and its 
content in particular. Thus, land covered in trees loses water 
more quickly than land that is not. It seems, too, that water 
running off the afforested catchments may be more acidic 
than from non-afTorested — perhaps because forests concen- 
trate acidic pollutants from the atmosphere, including the 
oxides both of sulphur and of nitrogen. 

Engineering may provide some of the answer to all this; 
including pumping clean water from places where people do 
not live, to places where they do. In addition, technologies are 
already being developed to remove nitrate from water — 
although reducing the amount to acceptable levels could cost 
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In principle, and in qualitative detail, the fate of nitrogen as it circulates from air to soil to living 
things and back again, is well understood. But the fate of the environment depends upon how much 
goes where, under what conditions; ana this requires a great deal of research 



£200 to £1600 million over the next 20 years. 

So again the group calls for research, including better 
models to predict how nitrate levels are liable to increase. 
Also to be tackled are such problems as "the extent to which 
N2 and nitrous oxide are lost from fresh waters by 
denitrification" and the effect that nitrate in water and food 
has upon human health, including its possible influence on 
cancer. 

The fact that afforestation may have such profound effects 
on waters, and particularly the effect of commercial forests 
upon upland water, has only recently been appreciated. The 
problem calls for "urgent attention" from the Forestry Com- 
mission, the water industry, and the government departments 
and research councils for agriculture and environment. The 
long list of particular topics that need study include the extent 
to which nitrogen fertiHser affects the growth of trees, and the 
extent to which it also leads to deficiencies of boron and 
copper, which would reduce the resistance of trees to the 
rigours of winter. The group also asks whether alder trees, 
which fix nitrogen (see below), or leguminous plants grown as 
understorey among the trees, might increase fertility without 
such dangers of run-off. 

The sea is the ultimate receiver of nitrogen, and again the 
consequences are largely unknown. It does seem clear that 
Britain's estuaries are not unduely polluted by it; the con- 
tributions that sewage makes to the nutrition of estuarine 
plants and animals are "only rarely negated" by the toxins 
with which sewage is sometimes spiked. More research is 
needed, however, into the "nutrient cycling processes" within 
estuaries, including the relationship between the cycling of 
nitrogen and that of carbon. 

The outstanding question in the seas is the effect of nitro- 
gen on the plants of the plankton. To what extent does phyto- 
plankton need the quota it receives from the land? Would it 
be deficient in summer without it? What of the influence of 
the planktonic bacteria, which convert organic nitrogen into 
mineral form, or of zooplankton? Plankton forms the base of 
the food chain of the sea, and the coastal and continental shelf 
waters around Britain provide some of the richest fishing 
grounds in western Europ)e. Yet in recent years the plankton 
of the North Sea has declined. Nitrogen's role is again 
unknown, but it is clearly time to find out. 

But the greatest man-made influence on the nitrogen cycle, 
and the one over which human beings have most control, is 



New Scientist 9 February 1984 



15 



^riculture. This, appropriately, has the biggest slice of the 
study group's report. About three-quarters mBritain is farm- 
land. This land received about 2 million tonnes of nitrogen in 
1978, of which a small amount (about a third of a million 
tonnes) came from biological fixation, roughly the same 
amount from precipitation, and a small amount from im- 
ported animal feedstuffs. But the bulk— 115 million tonnes- 
came from artificial fertilisers. By 1981 artificial fertilisers 
were contributing 1-34 million tonnes; indeed this input has 
increased by 4 to 5 per cent annually for the past 10 years, and 
the group anticipates that it will continue to rise. Crops also 
obtain nitrogen from animal excreta, and from organic 
matter in the soil. 

The good side of all this is that Britain produces enormous 
amounts of food: we meet two-thirds of our requirement for 
temperate crops, our output is rising by 3 per cent per year, 
with exports doubling between 1971 and 1 980. The bad side is 
that about 1 50 000 tonnes of nitrate nitrogen leaches out, with 
the amount varying greatly from year to year and from soil to 
soil;andan unknown quantity disappears into the atmosphere. 

The nitrogen loss is wasteful and potentially dangerous, 
and the question is how to reduce it. The group found, for a 
start, that more than half the artificial fertiliser applied goes 
on grassland and that little of this is leached. Grass, after all, 
is permanently in residence and its roots (there are several km 
of root under every square metre) allow very little to escape. 
The greater problem is in arable land where the crops come 
and go. Such land received 440 000 tonnes of fertiliser 
nitrogen in 1981 and lost a third of it by leaching. 

There are solutions, however, or at least ways of reducing 
the problem. The key is to match nitrogen inputs to the crop's 
ability to use it. Breeding helps, and the group suggests further 
exploitation of high-yielding varieties that are particularly 
good at taking up nitrogen. Timing, too, is crucial, and the 
group welcomes the trend towards winter cereals— barley and 
wheat sown in the autumn, to stand throughout the winter 
and race away with the first sun of spring. With winter crops 
the ground is covered for longer, and well filled with roots, 
and leaching by winter rains is minimised. 

On the other hand, not enough is known about how much 
nitrogen is lost from particular crops in particular circum- 
stances. In particular, there is scope for more detailed mathe- 
matical modelling: after all, the behaviour of nitrogen salts in 
soils obeys laws of simple (or at least understandable) physical 
chemistry, and even uptake by plants follows straightforward 
rules. "Accordingly," says the group, "we recommend that 
increased attention be given to the further development of 
predictive models which can be used to optimise the res- 
ponses of crops to fertiliser nitrogen while minimising 
nitrogen fertiliser losses." 

The vast contribution of organic nitrogen, both to the 
growth of crops and to pollution of air and water, is also little 
understood. Yet British agricultural soils contain about 200 
million tonnes of organic nitrogen. The store is 150 times 
greater than that applied annually as fertiliser. 

The organic nitrogen under grassland can be particularly 
significant. Thus, when old grassland is ploughed, much 
organic nitrogen is broken down into inorganic forms. The 
inorganic nitrogen may of course nourish subsequent crops; 
but there may be more than these crops can take up. After the 
Second World War a great deal of old grassland was 
ploughed, as the British government resolved never again to 
be short of food in times of blockade. This, says the group, 
"has contributed to the present nitrate burden of certain 
aquifers". In contrast, the nitrogen fertiliser added to grass- 
land, and the increased stocking rates, "may well increase 
organic nitrogen levels in the soil . As the group says: "We see 
a need for sustained research . . . aimed at quantifying the 
breakdown and build-up of organic nitrogen in soil." 

Then again, animal excreta is potentially valuable or poten- 
tially highly pollutive depending, largely, on whether it is 
spread innocuously by animals as they graze or deposited in 




Clover can help lo reduce nitrate pollution, by adding fertility without 
fertiliser. But we need to breed new clovers that can produce effective 
root nodules (left) even in adverse conditions 



confined spaces. The latter is the case with the excreta pro- 
duced by almost all Britain's pigs and poultry, and half its 
cattle. This excreta contains about 480 000 tonnes of nitrogen, 
which is equivalent to a third of the nitrogen fertilisers 
applied. But it "contributes relatively little to the nitrogen 
taken up by the UK crops", and "there is substantial scope for 
reducing nitrogen losses during the handling, storage and 
application of organic manures". Research is already in train 
into ways of using manure efficiently, which the group 
recommends should be "actively continued". 

The most benign way to add nitrogen to the soil is by bio- 
logical fixation. This is the conversion of gaseous nitrogen in 
the atmosphere into soluble compounds, notably nitrates, that 
plants can take up as nutrients. It is effected by bacteria, some 
of which live free in the soil, and some of which (notably 
Rhizobium)li\e in nodules of the roots of leguminous plants, 
such as clover and beans, and of a few non-leguminous 
plants, such as alder. Biological fixation provides soils in 
Britain with 0-2 to 0-4 million tonnes of nitrogen a year, and 
some legumes can fix 200 to 300 kg per hectare. Yet biologi- 
cal fixation is contributing less and less. For one thing, heavy 
applications of nitrogen to a mixed sward of clover and grass 
will inhibit fixation, and also encourage the grass so much that 
it overshadows the clover. Great efforts have been made to 
improve Rhizobium strains over the past 30 years, "but this 
has had little impact on UK agriculture". Genetic engineering 
may well do wonders for the process in decades to come, but 
in the short term the group recommends a few practical 
approaches. One isto find "reliable and profitable" leguminous 
crops to introduce into arable rotations. Another is to make 
"more effective use" of clover in pasture, particularly in the 
uplands, and marginal areas. A third is to develop legumes 
that will grow effective root nodules in acid soils (where it is 
often uneconomic to apply nitrogen fertiliser) and to find 
associations of legumes and Rhizobium that will go on fixing 
nitrogen even when they are assailed with extra loads of ferti- 
User. More research again, then; and more research, too, "on 
fundamental aspects of biological N2 fixation". 

One trouble with research into the nitrogen cycle is that it 
inevitably involves many different disciplines. Another is that 
it can be unglamorous. What is certain, however, is that it 
needs to be done. □ 

The Nitrogen Cycle of ttye United Kingdom is a Study Group Report 
published by the Royal Society, London, at £12-50 



A gentle touch for the ocean floor 



Audio feedback can tell the operator of a prototype underwater manipulator the difference 

between steel, concrete, wood and rubber 

Dag Pike 



IT IS NEVER going to be easy to work deep beneath the 
surface of the oceans. The environment is dark, danger- 
ous, hostile. The problems are legion: how to reach the 
desired site, how to manoeuvre once there, how to 
manipulate tools and objects with the required strength and 
delicacy. Both operators and machines are often working at 
the Umits of tolerance. Now a prototype submersible has been 
produced which promises to open up new vistas for under- 
water exploration and maintenance. 

The prototype is the creation of Graham Hawkes, a British 
designer at Deep Ocean Engineering of California. His Deep 
Rover is built for one or two operators. Its clear acrylic plas- 
tics hull will give almost all-round vision at depths up to 1 000 
metres, and manoeuvre like an underwater helicopter. And it 
has manipulators so sensitive that blindfolded operators have 
been able to tell the difference between steel, wood, concrete, 
rubber and even painted surfaces. The tactile sensors relay 
information audibly, and are said to be able to detect the 
vibrations of fluid flowing through lines. 

Hawkes was the engineer behind the WASP diving suit and 
MANTIS underwater vehicle that set the pattern, in the late 
1970s, for future developments of one-and two-Of)erator 
submersibles for work in deep waters. Recognising that a 
submersible is only as good as the tasks it can carry out, he has 



now developed one where people can work efficiently at 
depth in a pressure chamber. The challenge was to provide a 
wide field of vision, in contrast to the portholes of earlier 
submersibles, and to develop a manipulator which gives a 
close approximation of human touch. 

The philosophy behiiid the vehicle is that it should go as 
deep and as fast as possible whilst remaining simple, rugged 
and safe. Compared with other submersibles there is ample 
space to give comfort during the planned 4-6 hour dives. The 
outside cGameter of the plastics sphere is 1-67 metres with an 
inside diameter of 1 -35 metres. The two hemispheric acryUc 
sections seal to a central, cast-aluminium ring which carries 
all the through-hull electrical, gas and mechanical 
connections. The front hemisphere opens for access and 
servicing. 

The main chassis of the Deep Rover is of aluminium, but 
the remainder of the external structure is almost entirely in 
plastics, mainly black UV-protected polypropylene in thick 
sheet sections and the use of this material has allowed the 
payload to be increased by 76 kg compared with conventional 
aluminium structures. The plastics are also more resistant to 
shock impact, and it is expected that further experience with 
these materials will lead to even greater savings in weight 
without sacrificing strength. 
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Four variable-pitch electric thrusters are fitted, to ^ve a 
thrust of 205 kg in forward or reverse and 90 kg vertically. 
The Deep Rover is designed to operate either free or tethered. 
In free operations, battery power is sufficient for up to six 
hours of operation, with emergency power for 1 50 hours. 

Although Deep Rover represents a significant advance in 
free-ranging submersibles for a single operator, the most 
significant advance is its manipulators. Hawkes set out to 
develop a manipulator which would come close to human 
ability in most respects and which would exceed it in others, 
notably its lifting fwwer, torque and reach. 

The arms of the manipulators are built up in modular 
fashion, each unit allowing a 110" range of movement, 
normally either horizontally or vertically and is hydraulically 
driven. The standard arm comprises six units ending in a 
wrist and hand with 210° of movement. The hand is an artic- 
ulated pincer grip which grips at four points. The main jaws 
and the tips are independently operated; the hydraulic pres- 
sure operates first on the main jaw. When the main jaw 
touches the object, the movement is then switched to the tips: 
only when all four points are in contact is full pressure 
applied. An even balance of pressure is maintained between 
the four points. The ability of the jaws to grip objects off the 
jaw axis makes life much easier for the operator. 

The arm units are constructed largely from graphite-loaded 
nylon with stainless steel and aluminium fittings. The arm 
can lift up to 1 10 kg and the rotation torque is 135 NM. The 
standard arm can work through a 3-metre radius. 

In addition to their mechanical capabilities, the manipu- 
lators have sensors. Audio tactile feedback from the jaw tips 
can allow an experienced operator to identify different mate- 
rials from their texture and hardness as well as locate cracks. 
If it is neccessary, this can all be done blind. 

An overall view of the work area is provided by a wide- 
angle camera above the capsule and wrist-mounted cameras 
on each arm. Each wrist camera can observe the other arm as 
well as provide a close-up view of areas that are normally 
inaccessible. The arms can be manipulated so delicately that 
their movement cannot be detected visually. An experienced 
operator can position the arm with an accuracy measured in 
hundredths of millimetres. The force of grip can also be 
judged and to complete the range of sensory perception, a 
hydrophone transmits ambient noise to the operator. 

In designing the control systems for Deep Rover, the aim 
has been to give the operator an "instinctive" integration of 
the propulsion and manipulator motions. These two controls 
are separated into left and right, each governing the respective 



sides of the vehicle. The controls lie where arm-rests would be 
fitted to the seat, and forearm, wrist, fingers and thumb are 
used for control. 

Thrust is controlled with the forearm; pushing the left fore- 
arm forward, say, will move the left side of the vehicle 
forward. Vertical movement is controlled by vertical move- 
ments of the forearm. A simplified wrist-and-thumb motion 
governs the manipulator arms: the thumb is used to apply 
force, while the grip of the operator's forefinger governs the 
hands on the manipulator. Smooth and coordinated move- 
ments of both craft and manipulator arms are possible. 

The modular construction of the manipulator has been 
extended to the construction of Deep Rover itself. Allowance 
has been made for future developments of equipment for 
special operations, for example. And perhaps the biggest 
advantage of the modular concept is the chance to vary the 
type of pressure chamber. One option under development is 
a sphere with thinner walls: this would halve the depth at 
which the craft could operate, but the increase in internal 
volume would allow a second crew member. 

Greater operating depths are planned. Acrylic materials 
will be suitable for pressure spheres for depths up to 2 kilome- 
tres but beyond this alternative materials have to be found. 
One possibility is the use of transparent ceramic materials: 
these could allow Deep Rover to descend to 6000 m and 
ultimately perhaps to 10 000 m. For the first time, it will be 
possible to explore the oceans unfettered, Or Sylvia A. Earle, 
a partner with Hawkes in Deep Ocean Engineering, says that 
this is the most exciting challenge, but Deep Rover is likely 
to have equal value in commercial operations. 

The machine's aptitude for delicate operations in deep 
water will allow even deeper offshore oil and gas 
exploitations. Already, an unmanned version of Deep Rover, 
called Rig Rover, is carrying out maintenance work 
previously possible only with divers. Fitted with the Hawke 
sensory manipulators, Rig Rover can operate from the 
surface, pointing the way to subsea oil wells in deep water 
without the need for expensive platforms □ 



Dag Pike is a marine journalist. 
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Life size drawing (above) by Graham Hawkes carried 
out with the Deep Rover's manipidator (below). The 
manipulator hand— shown holding an egg— can grasp 
objects 30° ojfaxis: it gives the operator tactile feedback 
from audio sensors in the jaw tips 
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Universe gets older again 



ANEW analysis of the kind of data 
recently interpreted as implying that 
■ the Universe is much younger than 
we used to think gives a value more in hne 
with previous ideas. However, since there 
are two schools of astronomical thought on 
how the data should be 
interpreted, all we can say 
for sure is that somewhere 
between 10 billion (10'°) 
and 20 billion years have 
elapsed since the big bang. 

All estimates of this kind 
depend on estimates of the 
distance scale of the 
Universe— how far it is to 
other galaxies and clusters 
of galaxies. In the expan- 
ding Universe, a parameter 
called Hubble's constant 
relates the distance of a 
galaxy to the velocity with 
which it is seen to be re- 
ceding. Velocity is easily 
measured from the red shin 
in spectral Unes in Ught 
from the distant galaxy. So 
measuring the distance 
from us to a few relatively 
nearby galaxies would cali- 
brate the red shift/distance relation, provid- 
ing a yardstick for the Universe and also 
indicating the minimum age of the 
Universe, since galaxies now flying apart 
must have been packed together in the big 
bang at a time related to the inverse of the 
Hubble constant. 

That crucial step— measuring the 
distance from us to relatively nearby 
galaxies— is, however, easier said than 
done.The first successful approach to the 
problem depended on indentifying certain 
types of star, the Cepheid variables, whose 
absolute brightness could be inferred from 
the way they pulsate. Simply measuring the 
observed brightness then gave a handle on 
the distance to them, and by looking at 
Cepheids in other galaxies astronomers 
came up with a Hubble constant of around 
50 km /sec/Megaparsec, implying an age of 
the Universe of roughly 20 billion years. 

This interpretation has long been cham- 
pioned by Allan Sandage, of the Mount 
Wilson and Las Campanas Observatories. 
But another point of view, espoused by 
Gerard de Vaucouleurs, of the University 
of Texas, Austin, sees the evidence as more 
consistent with a Hubble constant of 100, 
in the same units, and an age for the 
Universe of 10 biUion years. This is uncom- 
fortably short, since standard astrophysical 
theory suggests that many galaxies and 
some stars are themselves older than 10 
billion years. Obviously, a star cannot be 
older than the Universe. 

And yet, in the past couple of years, the 
de Vaucouleurs camp had gained strength 
firom a new technique which measured 
galactic distances independently of the 
Cepheid variable method. This technique, 
called the Tully-Fisher method, depends on 
estimating the mass of a galaxy from 
measurements of its radiation at 2 1 cm, the 
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hydrogen line. The width of this radio 
"fine" indicates overall mass, and, 
assuming all bright stars radiate in much 
the same way, that gives a guide to overall 
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Virgo galaxies mislead on universal age 

brightness, and hence distance. A galaxy 
twice as massive as oiu' own ought, on the 
simplest picture, to be twice as bright. 

This technique, applied to the Virgo 
cluster, one of our nearest cosmological 
neighbours, gave a distance of 16 Mega- 
parsecs, leading to the surprisingly low esti- 
mate for the age of the Universe. Now, 
however, Sandage and G. A. Tammann, 



writing in Nature (vol 307, p 326), query 
the basis of the estimate. They argue that 
the Virgo cluster is too close to be used as a 
guide to cosmic distances, that the motion 
of our Galaxy and our Local Group of 
galaxies is distorted by the gravitational 
pull of the Virgo cluster- 
indeed, we may be part of 
that cluster— and that for a 
reUable calibration we have 
to look further into space, 
to the Como cluster, some 
140 Megaparsecs away 
according to the same kind 
of evidence. That gives 
them, once again, a value 
close to 50 for the Hubble 
constant, and an age of the 
Universe, at 20 bilUon 
years, comfortably older 
than the oldest known stars. 

There is an element of 
friendly rivalry between de 
Vaucouleurs and Sandage 
which has led some head- 
Une writers to profess a 
"dispute" over the age of 
the Universe and imply a 
bitter wrangle. In fact, it is 
one of the more remarkable 
achievements of modem science to have 
pinned this number down to within a factor 
of two. The "dispute" merely represents 
fine tuning, and although each camp stands 
by its calculations, at present Sandage must 
have the edge, simply because of the diffi- 
culty in explaining the existence of 20- 
billion-year-old stars if the Universe is 
"only" 10 billion years old. □ 



Laundered marrow helps transplants 



IMMUNOLOGICAL rejection is the 
major hazard of organ transplantation. 
Bone marrow transplants are different. 
Because some of the body's immune 
capacity resides within the bone marrow, 
there is a risk that the donor bone marrow 
will try to reject the patient. This 
"graft- versus-host" disease shows itself as a 
severe rash diarrhoea and liver damage. It 
renders the patient immune deficient and 
is fi^uently fatal. Because of it, bone 
marrow transplants, which have markedly 
improved survival in acute leukaemia, 
aplastic anaemia and a group of rare 
congenita] enzyme deficiencies, are really 
only feasible between siblings with the 
same tissue type. Even so, graft-versus-host 
disease occurs to some extent in between 
20 and 80 per cent of such transplants. 

Conventional treatment with corti- 
costeroids and the cytotoxic drug metho- 
trexate has recently been superseded by the 
new immunosuppressant drug cyclosporin 
A. However, even this is not without its 
problems, leading to kidney damage in 
some patients and restricting the range of 
antibiotics that can be used while the bone 
marrow is recovering after the transplant. 

A different approach is based on the 
observation that bone marrow transplants 
in small rodents do not lead to graft-versus- 



host disease unless spleen cells are added to 
the marrow. This seems to be because rat 
or mouse marrow contains very few T- 
lymphocytes. These T-cells are responsible 
for recognising foreign matter and control- 
ling the production of antibodies against it. 
Attempts have therefore been made to 
remove T-cells from human marrow 
before transplantation. This can be done 
by making specific antibodies (monoclonal 
antibodies) against the T-cells and 
"subtracting" them from the marrow. Dr 
Grant Prentice from the Royal Free Hospi- 
tal in Hampstead has successftilly 
"laundered" marrow from 13 patients 
using a "cocktail" of three monoclonal 
antibodies to remove the T-lymphocytes. 

Even more encouraging is a new rat 
monoclonal antibody produced by Dr 
Hermann Waldman of the I>epartment of 
Pathology at Cambridge University. Called 
CAMPATH-1, it is an immunoglobuUn M 
antibody which is cytotoxic for all human 
lymphocytes when used with human 
complement. Five bone marrows (four in 
Israel and one in West Germany) have 
been successfully "laundered" with it and 
engraftment has swiftly followed. Early 
work at the Hospital for Sick Children in 
London suggests it may aid transplants 
from incompatible donors. □ 
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Phosphorus-26 shows novel decay 



PHYSICISTS working at the Lawrence 
Berkeley Laboratory in California 
have discovered a second example of a new 
form of radioactivity. Almost a year ago 
they reported their observation of the 
"beta-delayed two-proton decay" of the 
nucleus aluminium-22. Now they have 
discovered a similar phenomenon in the 
decay of phosphorus-26. 

Radioactive decay in general reflects the 
attempts of an unstable nucleus to reach a 
more stable configuration of protons and 
neutrons. It can do this in a variety of ways 
which involve adjustments in the relative 
numbers of protons and neutrons: the opti- 
mum ratio minimises the overall energy of 
the nucleus and thereby makes it stable. In 
normal beta decay, a neutron (or proton) 
converts into a proton (neutron), emitting 
an electron (positron) together with an anti- 
neutrino (neutrino). In the beta-delayed 
two-proton decays observed at Berkeley, 
the beta decay, signalled by a positron, is 
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followed immediately by the emission of 
two protons. 

In their most recent work Joseph Cemy 
and his colleagues have studied protons 
emitted by decaying phosphorus-26. This is 
a highly unstable nucleus with 1 5 protons 
and 1 1 neutrons. The common form of 
phosphorus has 16 neutrons, its stability 
being ensured by the approximately equal 
number of neutrons to protons. The team 
obtained the by bombarding siUcon-28 
with a beam of helium-3, in a reaction that 
produces together with a proton and 
four lone neutrons: 

?SSi -H iHe - ]\P + Ip + 4(in) 

They then intercepted protons from the 
decays of the ^'P with a special "telescope" 
of silicon detectors (Physics Letters, vol 
1338, p 146). 

The energy spectra of the emitted 
protons revealed two peaks, which the 
researchers associate with the sequential 
decay shown in the figure, 
which terminates in the ground state 
(lowest energy state) of the nucleus ^*Mg. In 
the process, the ^*P nucleus converts one 
proton to a neutron and loses two further 
protons, thus changing its proton-neutron 
ratio significantly to form ^"Mg which 
contains equal numbers of each nucleon: 

]\p ?Ssi ^ ?^ + Ip 

and ViM iiMg 

The decay of ^*P is simpler, the team 
says, than that observed for "^AJ. In that 
case the complex proton spectra made it 
difficult to see through which path the beta- 
delayed two-proton decay occurred (Phys- 
ical Review Letters, vol 50, p 404). □ 



The early history of the mammals 



ACCORDING to current opinion, the 
mammals are divided into two major 
groups, the therians (which include nearly 
all living forms— the marsupials and the 
placentals), and the monotremes (the duck- 
billed platypus and echidna of Australia 
and New Guinea). These two groups are 
supposed to have had a long independent 
history after they arose from mammal-like 
reptiles 210 million years ago. Indeed, the 
monotremes, which lay eggs, have been 
regarded by some people as Uving 
mammal-like reptiles. During the age of the 
dinosaurs (210-65 million years ago) there 
were several groups of primitive mammals, 
and these have been assigned somewhat 
arbitrarily to the therian or to the mono- 
trcmc line. This has reinforced the impres- 
sion of an independent history for both 
groups during that time. 

In recent years, several authors have 
questioned this picture. Monotremes share 
an embarrassing number of highly complex 
anatomical specialisations with therians, 
and it is hard to imagine all of them arising 
in parallel. Tom Kemp of the Zoology 
Department, Oxford University has recon- 
sidered this whole question, and he 
concludes (Zoological Journal of the 
Linnaean Society, 1983, vol 78, p 353) that 
the monotremes share a number of 
advanced characters with the modem 
therians that are absent in most early fossil 
mammals. The implication is clearly that 



the living groups of mammals do not 
represent two main lineages with over 200 
million years of independent evolution, but 
that they share a more recent ancestor. 

Monotremes have the same complex 
system of ear ossicles that are present in 
humans and all other therians: the incus, 
malleus and tympanic bones. Kemp lists a 
ftirther seven features of the skull and skel- 
eton which are shared specialisations of 
monotremes and modem therians, and 
which are absent in the early mammals. He 
concludes, reasonably, that the mono- 
tremes and therians form a monophyletic 
group (they share a common ancestor). 
Most of the early fossil mammal groups fall 
outside that monophyletic group. 

If the monotremes and modem therians 
did not diverge 210 miUion years ago (near 
the end of the Triassic period), when did 
they spUt? The oldest identifiable mono- 
tremes are only a miUion or so years old, 
although there are a couple of possible 
platypus teeth from the Miocene of Austra- 
lia (about 30 million years ago). The oldest 
known marsupials and placentals are 
known from the end of the early 
Cretaceous (about 100 million years ago) of 
Texas. There are further fragmentary 
remains from the early Cretaceous which 
might fall in the monotreme-therian 
assemblage. The two groups of hving 
mammals may have diverg^ as little as 
120 million years ago. □ 



Nervous growth 

GIVEN the right conditions there seems to 
be no reason why nerve tissue should not be 
able to regenerate readily and evidently. After 
all, salamanders have the trick down to a fine art. 
But peripheral nerves in humans, if they regen- 
erate at all following injury, they do so only at 
a very slow rate. Now Suzanne Kilmer and 
Richard Carlsen of the University of California 
at Davis have found that certain substances can 
boost the rate of regeneration in nerve tissue. 

Injured nerve tissue is always found to contain 
raised levels of the enzyme adenylate cyclase, 
which catalyses the conversion of the high enercy 
compound adenosine triphosphate to cycEc 
adenosine monophosphate (cAMP). Kilmer and 
Carlsen excised a chunk of the sciatic nerve axon 
from frogs (Rana pipiens). There was no differ- 
ence in cAMP levels in the tissue after 2 days, 
compared with normal nerve. After 7 days 
however, cAMP was twice as high as in experi- 
mental tissue. To establish firmly the apparent 
link between cAMP and nerve regeneration they 
exposed the injured nerve to a potent activator 
of adenylate cyclase, called forskolin. This re- 
suUed in a 40-fold increase in the level of cAMP 
in the tissue which persisted for 1 hour. But more 
interestingly, subjection of the tissue to forskolin 
also product a sustained 40 per cent increase in 
the rate of regeneration of the nerve. □ 

Blonds, beware! 

PEOPLE with blond hair are seven times more 
likely to suffer malignant melanoma, a 
particularly malignant skin cancer, than people 
with black hair, according to a new study earned 
out by J. M. Elwood and J. C. G. Pearson of the 
University of Nottingham and R. P. Gallagher 
and colleagues at the Cancer Control Agency of 
British Columbia in Vancouver, Canada (British 
Medical Journal, vol 288, p 99). 

The tumour arises from the pigment which 
produces melanocytes in the skin, and is rapidly 
increasing in almost all white populations. 
Among the factors known to predispose to the 
tumour are sunlight and atypical skin moles. 

Other links revealed by the study include light 
colour of unexposed skin and severe freckling, 
carrying a relauve risk of malignant melanoma 
of 2-4 and 2-1 respectively. These associations 
were independent of ethnic origin and amount of 
exposure to sun. □ 

Smoking and learning 

X^XICH has been said about the adverse 
iVl effects on the fetus of smoking during 
pregnancy but so far only the link with low birth- 
weight is well established. Now researchers from 
the Johns Hopkins University in Maryland have 
shown that fetuses of pregnant rats exposed to 
carix)n monoxide (CO) show a learning and 
memory deficit in later life. 

CO binds irreversibly with haemoglobin to 
form carboxyhaemoglobin (HbCO). Charles 
Mactutus and Laurence Fechter exposed preg- 
nant rats to concentrations of CO of approxi- 
mately 150 ppm, which produced maternal 
concentrations of HbCO of about 15-5 per cent. 
This compares well with HbCO concentrations 
in human cigarette smokers which ranges from 1 
to 16 per cent. A control set of rats received air 
instead of CO. 

They then tested the ability of three male and 
three female pups in avoiding unpleasant stim- 
uli. The scientists found that 16-day old pups 
whose mothers were exposed to air were not very 
good at learning to avoid the aversive stimulus, 
but that this improved in 30-day old pups. But 
30-day old offspring whose mothers were 
exposed to CO during pregnancy were no better 
in performing the avoidance task than their 
16-day old Uttermates; moreover they were 
always less successful at the avoidance task than 
normal pups of the same age. Although the 
results cannot be taken to be true for humans, 
they do support studies which show an 
impairment in achievement in children whose 
mothers smoked heavily during pregnancy. □ 
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Gene deletion is not all bad 



ON the whole, the loss of two genes 
encoding essential parts of the 
haemoglobin molecule can safely be 
regard^ as a bad thing. Most people with 
such hereditary defects suffer from severe 
anaemia, especially if the defect is inherited 
from both parents. But for a few, disaster is 
averted by the activation of genes that are 
normally turned off at birth— the so-called 
fetal globin genes that encode the 
haemoglobin molecules made before birth, 
and which are specially adapted to help the 
baby withstand the oxygen deprivation it 
may suffer during labour. 

This abnormal activation of the fetal 
globin genes is known as hereditary persis- 
tence of fetal haemoglobin, and molecular 
biologists have for some time been hoping 
that It might tell them something about 
how genes are controlled in the course of 
normal development. With that in mind, 
Bernard Foi^et and his colleagues at Yale 
have been examining two different types of 
hereditary persistence of fetal haemoglobin 
to see exactly what is lost with the adult 
globin genes that might account for the 
deregulation of the fetal ones (Proceedings 
of the US National Academy of Sciences, 
vol 80, p 6937). 

The genetic defects they were 
investigating involved only one of the two 
related famiUes of genes that together 
provide the protein chains of the haemo- 
globin molecule. Each molecule is made of 
four chains, two alpha chains and two beta 



chains, wrapped round an iron group (the 
haem group). Each type of chain is encoded 
by a separate cluster of genes. It was the 
cluster of genes for the beta chain that 
Forget and his colleagues were interested 
in. 

It contains four genes, one for embryonic 
beta globin, which is turned off very early; 
one for fetal beta globin; and two for the 
adult form of the beta chain— the two adult 
forms being designated beta and delta 
globin genes, and the fetal gene being desig- 
nated gamma. 

In two forms of hereditary anaemia, the 
complete loss of all the DNA encoding the 
delta and beta genes gives rise to the persis- 
tence of fetal globin production into adult- 
hood. This must mean that along with the 
adult genes, people with this subtle form of 
anaemia must also lose the switch that 
normally turns off the fetal gene. But that 
switch has proved to be remarkably 
elusive. 

The first place that people suspected it 
might be found was in the stretch of DNA 
separating the fetal from the adult genes. 
But that was ruled out by the discovery of 
severely anaemic patients who had lost all 
of that DNA without retaining the use of 
their fetal genes. So Foiiget and his 
colleagues haved turned their attention 
to the other end of the deletion— down 
beyond the delta and beta genes. 

They had two possibilities in mind: first, 
that the important thing might be the total 



length of the deletion— which might distort 
the structure of the DNA of 5ie entire 
region, opening up areas that would 
normailly be shut off; and secondly, that the 
deletion might bring the fetal DNA into 
juxtaposition with a regulatory sequence, 
for example an enhancer which normally 
turns on the delta and beta genes but in 
their absence turns on the gamma gene 
instead {New Scientist, 12 January, p 21). 

What their investigations showed was 
that the total length of the deletion was 
remarkably similar in the two different 
cases, although the endpoints were 
different. And this might have led them to 
conclude that it is indeed some general 
property of DNA structure that is disrupted 
in these patients— but for the discovery of 
another group of researchers who have 
found a deletion of just the same size in a 
patient not producing fetal globin. 

From which they can only conclude that 
there must be more than one factor 
involved in the deregulation of the fetal 
gene: perhaps an enhancer and a suitable 
DNA structure. Given recent research 
suggesting an intimate relationship 
between enhancer sequences and lon§- 
range structural properties of DNA, this 
would not be surprising (New Scientist, 17 
November, 1983, p 496). And given the 
heightening interest in these mechanisms, 
it will also not be surprising if the globin 
genes soon begin to yield the secret of their 
regulation. □ 



How dung beetles plan families 



How many eggs should a beetle lay? 
This becomes an important question 
for beetles that remain in the nest to guard 
their brood. Parental care of this type 
occurs in many dung beetles. These insects 
have become well known from work in the 
last century by the French naturalist Fabre, 
and they have attracted renewed interest 
because they can remove dung from cattle 
pastures, for example in AusUalia and the 
US. 

One such "garbage disposer" is a small 
scarab beetle, Onilicellus cinctus, found in 
the orient, which feeds on cow dung and 
hollows out a nest chamber 5 cm in 
diameter from the interior of the cow pat. 
Recent work with captive beetles has 
shown that the female beetle lays about 20 
eggs, each enclosed in its own small ball of 
dung (Physiological Entomology, 1983, vol 
8, p 393). The female remains in the nest 
chamber for a month. At the end of this 
time the brood has completed its develop- 
ment and the new adult beetles emerge. 
Then, within a week, the mother makes a 
new nest chai..oer and repeats the whole 
cycle. Three or more cycles can be 
completed by a female beetle in her life- 
time. During each month-long brooding 
period the mother enlarges the dung balls 
to ensure a sufficient supply of food for the 
developing larvae, and she attacks other 
insects that might threaten her brood. 

As a gene-machine, the mother's "aim" 
is to produce as many viable offspring as 
possible, but to optimise her effort ^e must 
limit the number of eggs laid in each cycle. 
Devoting too many oTher resources to egg 



laying could result in exhaustion and fail- 
ure to survive the current or future nesting 
cycles. Laying too many eggs might also 
mean that she would be unable to look after 
the brood effectively. In fact, the number of 
eggs laid, at the start of each cycle is strictly 
limited, even though the supply of dung 
surrounding the nest chamber would 
suffice for very many dung balls. Moreover, 
the ovary contains more mature eg^ 
prepared for laying than are actually laid in 
each cycle. 

A clue to what is happening is the fact 
that nesting is reinitiated one week after the 
previous brood has emereed. The brood 
itself could be exerting a feedback control 
to inhibit oviposition. Sure enough, adding 



extra dung balls (containing eggs or larvae) 
at an early stage suppressed oviposition, 
while removing such brood balls from the 
nest resulted in further eggs being laid. The 
beetle distinguishes her own eggs and larvae 
from those of other species, probably on the 
basis of chemical stimuli. It is likely that 
similar stimuli from the brood also control 
oviposition behaviour. This provides a 
good model of a control that should be 
widespread in insects showing parental care. 
In fact there are indications that certain ear- 
wigs and plant bugs which care for their 
brood limit the number of eggs laid. In 
some social wasps there may also be a stage 
shortly after founding the nest when 
oviposition is suppre^ed in the queen 
while she is feeding the brood that will give 
rise to the first batch of workers. □ 




Oniticellus cinctus, a dung beetle, is about 
(which has entered the nest between 



to kill the free-living larva of another species 
the beetle and the 10-mm marker pin) 
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If your home uses gas — and the chances are it 
will, since British Gas is the largest single supplier 
of heat in Britain — then you are benefiting from 
yesterday's planning and investment in advanced 
technology by the gas people. 

Yesterday's research anticipated the needs of 
today's customers, and some of the developments 
produced by the gas people were revolutionary. 

Did you know, for instance, that the gas people 
helped to pioneer the technology for transporting 
gas across the world's oceans — gas which would 
otherwise be wastefully flared-off? This was done 
by cooling the gas into liquid form at minus 160°C 
and carrying it in specially designed tankers. The 
transportation of LNG is now a major world trade. 

The gas people also saw opportunities in newly 
available gas-making feedstocks and developed the 
Catalytic Rich Gas process for making gas from oil, 
rather than coal. Advances like these underpinned 
the transformation of an ageing industry into a 
highly competitive and rapidly expanding modern 
business. 

The gas people went on to exploit the natural gas 
which they had helped to discover around our 
shores. To achieve this they constructed a network of 
underground high pressure steel pipelines to the 
highest standards. A great deal of money and tech- 
nical expertise were expended in devising a means of 
inspecting these pipelines, and a sophisticated 
electronic and mechanical device called an 
'intelligent pig' was developed. It works inside the 
pipeline while the gas is still flowing. 



TOMORROW'S WORLD 

Yesterday, the gas people solved what would 
have been today's problems, and we've given you 
just a few examples. But you may be more interested 
in the work we're doing today to solve tomorrow's. 

For instance, in readiness for the time when 
Britain's indigenous supplies of natural gas begin to 
decline, and nob>ody knows when that will be, the gas 
jjeople have already developed the technology for 
producing substitute natural gas from coal. The 
results of this pioneering work are being viewed with 
great interest in many parts of the world. Whichever 
feedstock is available at a competitive price, however, 
the gas people intend to have the technology to 
produce a substitute natural gas from it. 

And because gas will still be there for 
tomorrow's customers, the gas people are helping to 
develop a new generation of appliances for to- 
morrow's low-energy homes. They are starting to 
apply ways of recuperating waste heat in industrial 
and commercial applications by using gas engine- 
driven heat pumps. These reverse the normal 
process by which heat flows from a high temperature 
to a lower and so can consume less energy than they 
deliver! The gas people are even looking at new ways 
to avoid traffic congestion — by replacing 
underground gas pipes without the need for digging 
up the road! 

Much more is going on besides, so if you'd like to 
find out about today's high-tech gas industry, write 
to the Public Relations Department, British Gas, 
Rivermill House, 152 Grosvenor Road, London 
SWIV 3JL. 



WONDERFUEL GAS FROM THE GAS PEOPLE - 
WORKING FOR TOMORROW^ WORLD TODAY 
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University satellite is en route to NASA 



UOSAT B, an experimental scientific 
and educational satellite, designed 
and built at the University of Surrey, 
is shipped to the US today (Thursday). If all 
goes well, it will be launched by NASA at 
about 18.00 hrs on 1 March. Once 
launched the satellite will be 
known as Uosat 2, and it 
will join its sister satellite 
Uosat 1, launched in Sep- 
tember, 1981. 

The electronics engineers 
responsible for Uosat 1 wanted 
to build a second craft to 
reflect what they had learnt 
from their first foray into the 
satellite world. 

Their chance came when 
NASA offered to launch Uosat 
B— free of charge— on 1 March 
this year. The offer was made 
last September, which left 
en^neers only five months to 
design and build the satellite. 
To meet the deadline, a team, 
led by Dr Martin Sweeting, has 
worked round the clock. Last 
Friday, the craft was moved to the Ruther- 
ford Appleton laboratory for vibration and 
thermal testing, and then packed for its trip 
to the US. 

When Uosat is launched it will be as the 
secondary payload on a Delta 3920 
rocket— Landsat D is the primary load. 
Uosat B's planned orbit is 700 kilometres 
high, and the satellite will be overhead at 
the same time of day throughout the year 
(polar and Sun synchronous orbit). It is 
expected to work for three years, and will 
be controlled from the university. 

Uosat B weighs 60 kilograms, is smaller 
than its sister craft and most of its 
electronic circuits differ from Uosat 1. 
But, like Uosat 1, it will carry scientific 
and engineering experiments, which 
professional scientists, radio buffs and 
schools will be able to take advantage of 

Also, hke Uosat 1, it will carry a com- 
puterised voice synthesiser, although its 
vocabulary is four times greater than the 
150 words Uosat 1 can manage. The 
satellite will send some "spoken" informa- 
tion back to earth about the experiments on 
board. 

There are six experiments— five relate to 
science and education and one will look at 
spacecraft systems. The science and 
education experiments are: earth imaging; 
synthesised speech; digital communication; 
and data collection on particles and space 
dust. 

The University of Surrey devised the 
synthesised speech and space imaging 
experiments. It will be possible for the 
pictures taken by Uosat B to be decoded 
and stored on simple equipment and 
displayed on a television. Uosat B's camera 
will view an area 1600 kilometres square 
and distinguish objects as little as 2 
kilometres apart. 

Three Geiger counters and one electron 
spectrometer will look at the behaviour of 
electrons in the magnetosphere. This is 
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where the behaviour of charged particles is 
dominated by the Earth's magnetic field. 
And the satellite's camera will help out with 
this experiment by taking pictures of 




Uosal A, before being launched. lis ne\v sister craji is slightly smaller 
but similiar in appearance 

auroral displays around the polar 
regions. 

The digital communications experiment 
is being devised by the US and Canadian 
branches of the Amateur Satellite Cor- 
poration (Amsat). It is an extension of 
studies already underway on Uosat 1 . The 
aim is to find a way for an amateur radio 
station to send information via a spacecraft 



to another station at the other side of the 
world. The message should be stored until 
it is ready to be received by the second 
station. The problem with this experiment 
is the lack of knowledge about the 
reliability of solid state memory devices in 
space. 

Uosat B will carry various 
types of static and dynamic 
memory devices. Their long 
term performance in space will 
be assessed. 

The fifth scientific experi- 
ment belongs to the University 
of Kent in England. It will use 
sensors developed for the 
European Space Agency's 
mission to HaUey's comet. The 
sensors will detect and 
measure the momentum of 
cosmic dust particles and 
debris from rockets. 

The spacecraft-system ex- 
periment is another one 
devised by the University of 
Surrey. Uosat B will carry 
instruments which should help 
the university command team to control 
the satellite more easily than Uosat 1 . The 
control should also be more 
accurate— within plus or minus 2 degrees. 

Uosat B will cost "nearly L{ miUion" to 
build; it is being paid for by the university 
and industry, although negotiations 
between academia and commerce are not 
yet complete. □ 



Gregorian chant crosses the Atlantic 

interfere with neighbouring satellites. 
Engineers can achieve the same results 
using traditional reflector designs, but only 
if the dish has a diameter greater than 
8m— too large for many business users. □ 



BRITISH Telecom has developed a 
roof-top aerial to overcome the prob- 
lems of communicating with satelUtes posi- 
tioned close together in space. There could 
soon be another 60 satellites in geostation- 
ary orbits around the equator. For them all 
to fit in, the distance between them must 
become shorter— and this means having 
antennas on Earth stations capable of 
producing narrower microwave beams to 
avoid interference. 

Engineers fi-om British Telecom Inter- 
national (BTI) installed the first of the new 
dishes on a roof top in Ealing, West 
London, at the end of last year. It forms 
part of SatStream— BTI's digital trans- 
atlantic satellite Unk set up with Teleglobe 
Canada. The first customers will begin 
using the link by the end of this month. 

To produce a narrower beam, BTI has 
introduced a 5 • 5-metre dish called an offset 
Gregorian antenna. The dish is shallower 
than the current Cassegrain reflector 
antenna, and the sub-reflector and feed are 
to one side of the dish rather than in the 
centre. 

This means that less power is blocked by 
the sub-reflector's supporting structure. 
Because of this a narrower beam than used 
in the Cassegrain reflector can concentrate 
the same amount of power as a wider beam 
from the same diameter dish in the 
Cassegrain design. Since the beam is 
narrow it will not spread out enough to 



British Telecom International's new small-dish earth 
station for SatStream business communications 
services to North America 
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Computer firms battle for hearts and minds 



A PERSONAL computer revolution is 
erupting on college campuses across 
^the United States. Fundamental 
changes are coming in the way classes are 
taught, research is done, and universities 
are adminstered. Also a fierce battle is 
brewing between the nation's leading 
microcomputer manufacturers— in partic- 
ular IBM, Apple and Oigital— to capture 
the lucrative higher 
education market, 
and win the prestige 
that goes with having 
their products used 
by the top univer- 
sities. 

Soon, all staff and 
students at many 
collies will either 
have their own 
micros or ready 
access to one. These 
computers will be 
offered at staggering 
discounts of up to 60 
per cent. Some vnll 
be bought at the 
computer stores that 
are springing up on 
the college campuses, including Harvard 
and Dartmouth. Already four universities 
have decided that all new students must 
buy their own computers as a requirement 
of admission. They will be paid for by 
instalments which are added to term 
tuition fees. 

Other universities are talking about 
being miniature "wired cities" hnked to 
local communities where learning and day- 
to-day activities such as shopping and 
banking will be conducted electronically. 

Carnegie-Mellon University in Pitts- 
burgh, for example, boasts that it will be a 
computer community by 1986 and that its 
network of 7500 personal computers will 
outnumber the students. At all times infor- 
mation will be at the fingertips of students. 
No need to queue to register for courses or 
to borrow that much-n^ed reference that 
everybody else wants— it will be available 
on the monitor at their home or dormitory. 
The university is also working with Warner 
Communications, holders of the city's 
cable TV franchise, and Bell Telephone to 
extend the communications Unks into the 
community. 

Brown University in Rhode Island and 
Stanford University in California are also 
well advanced with planning for a wired 
city. Brown already has a broad-band cable 
system that will become the basis of its 
network. Stanford is establishing a network 
called SUNet that will hnk all computer 
terminals on campus and allow the trans- 
mission of digital data and video images. 

Few oppose what is happening. "The 
technology is here to stay," one senior Stan- 
ford administrator said last week. "We 
need to be part of it." There are many 
bonuses. Courses, especially languages can 
be taught by computer. Bright students 
who are specialising in either the human- 
ities or the sciences can learn other disci- 
plines. Individual professors, providing 
they can program, can be responsible for a 
lot more courses. Those universities strug- 
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gling for enrolments can diversify and offer 
mature students courses by computer. 

But even those who are committed to 
the computer revolution caution against 
going too far too quickly and losing some of 
the values of traditional education. 

"We need our charismatic lecturers," 




said Professor Patrick Suppes, a philo- 
sopher at Stanford who has the rare 
distinction of being admitted to the 
National Academy of Sciences. Suppes, 
whose course on logic has become a model 
for computer instruction, admits that there 
is a danger of making learning too imper- 
sonal. Also, too often courses given on 
computer do not go through the rigorous 
editing and evaluation that is part of the 
best textbooks. Another big problem, says 
Suppes, is the lack of adequate curriculum 
materials, which will require huge 
investments in capital and resources to 
develop. 

Others worry that many universities will 
be left behind. It is no coincidence that the 
universities being courted by the industry 
are the cream of the country's public and 
private colleges. "It could be a case of the 
rich getting richer," said Paul Kaufman 
from Stanford's Center for Information 
Technology, adding that many state-run 
colleges had hmited computer facilities. 
Henry Levin, education professor at 
Stanford whose research has shown that 
technology will not provide the number of 
jobs that many people predict, says there is 
also a danger of universities becoming 
captives of one manufacturer. "You may 
be committed to the wrong computer 
infrastructure." said Levin. 

But being captive to a company is 
precisely what the battle being wag^ by the 
industry is all about, although altruistic 
motives such as improving America's 
foundering technical education are also 
mentioned by spokesmen. The potential 
market is estimated to be $8 biUion a 
year— much higher than the current sales of 
$1-3 billion. Stanford alone spends 
$750000 a month on academic and 
administrative computers. 

In the last few days Apple, IBM and Digi- 
tal have announc^ extraordinary deds 
involving universities. Other companies are 
also involved. For example, Hewlett- 



Packard expects to grant universities $30 
million in equipment this year. And Zenith 
Corporation, against stiff opposition, was 
awarded a contract to supply every one of 
the 3800 undergraduates at Clarkson 
College of Technology in New York with a 
computer by 1986. But the main players 
are the big three. 
Apple has formed the Macintosh Con- 
sortium, throu^ 
which 24 universities 
will receive the 
company's new 
and highly-acclaimed 
computer for about 
$1000— its retail 
price is $2495. Dart- 
mouth, Drexel and 
Michigan have al- 
ready agreed to buy 
6000 machines over 
the next three years. 
On 3 April Stanford 
will launch a new 
plan that will allow 
students and staff to 
buy Macintosh and 
other makes of 
computer at substan- 
tially lower prices. 

The universities in the consortium will 
develop courseware and educational soft- 
ware for the Macintosh, which they are 
expected to share among themselves. But 
they may also market the material and reap 
the financial returns. The benefit to Apple 
is that it will increase the amount of soft- 
ware available for its products. 

Apple has no pretensions about what it is 
doing. It wants to get students into the habit 
of using its products. 

IBM is more circumspect. Its philos- 
ophy, according to a spokesman, is "to 
advance the educational system in the US 
as well as improve computer Uteracy". But 
no doubt it also has an eye on Digital 
Equipment Corporation, which has 
bettered IBM in the academic market in 
recent years. 

IBM is pouring $70 million into grants 
and donations to universities. It is also 
training teachers and loaning staff to 
universities for computer design courses. 
At the University of^Cahfomia— Berkeley 
last month IBM announced a grant of $10 
miUion worth of equipment and technical 
support for the university to install over the 
next three years a network of about 800 
work stations linked to a central computing 
facility. A similar programme is going 
ahead in Europe. 

Digital's line is that it has been with 
universities for many years and the others 
are Johnny-come-latelys. It has just 
announced a subsidy of $16 million to 14 
universities so that they can use its products 
to develop courses and research in disci- 
plines not heavily involved with com- 
puters. Later this month an $8 million deal 
with the University of Pittsburgh will be 
announced which includes a new 
networking system. Distal has also 
supported artificial intelhgence work at 
Stanford and Carnegie-Mellon. One of its 
main reasons for supporting universities is 
to help it recruit its own staifT. □ 
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Lasers can simplify chip manufacture 



LASERS could soon be simplifying the 
manufacture of microchips if a tech- 
nique developed by physicists from 
Lawrence Livermore National Laboratory 
at the University of California proves 
successful. The new technique could do 
away with much of the paraphemaUa of 
microchip manufacture such as masks and 
light sensitive materials. 

The raw material for most microchips is 
a thin wafer cut from a perfect crystal of 
silicon. This is fashioned into an electric 
circuit by doping some parts of the wafer to 
make it conduct electricity and electrically 
insulating other parts. Finally, all the dif- 
ferent parts of the microchip are connected 
by metal. 

During each of these processes the silicon 
wafer is coated with a light sensitive 
material called a resist. The areas to be 
treated (that is— doped, insulated or 
connected by metal Unks) are exposed to 
light through a mask that blanks on the rest 
of the silicon. The exposed resist is etched 
away, often with corrosive chemicals, to 
reveal the underlying semiconductor. Then 
the appropriate process is carried out on the 
exposed material whilst the rest is protected 
by intact resist. 

A complex microchip may require seven 
or more processing steps. Each needs a 
different mask that must align precisely 
with all the previous masks. Furthermore, 
during each step, the wafer passes through 
wet and dry stages, making handUng 
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complicated. It would be simpler if the 
whole process could be carried out in one 
environment — preferably dry. 

The scheme developed at Lawrence 
Livermore achieves just that. Every step is 
performed in the same chamber, m a dry 
gaseous environment. 

The key to the process is the ability to 



trical conductivity). 

The second step removes tiny areas of the 
silicon dioxide layer to expose the sihcon 
beneath. One approach is to let the laser 
alone heat the oxide over a small area and 
vapourise it. However, if a mixture of 
hydrogen chloride and hydrogen gas is 
aUowal into the chamber, the etching 
proceeds more rapidly than without the 
gasses, and with lower laser power. 
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Chip manufacture can take place in a dry environment in a vacuum chamber 



make all the parts of a microchip with a 
laser which can generate elements as small 
as 1 micrometre across— small enough for 
today's microchips. Because the laser beam 
is finely focused there is no need to use 
masks or resists to protect parts of the 
silicon that are not being worked on. 

The process starts with a wafer of silicon 
coated with a thin insulating layer of silicon 
dioxide (glass). The wafer is placed on a 
special platform in a vacuum chamber, 
and the laser is focused on the centre of 
the wafer. Intensity of the laser beam and 
exposure time are controlled by a micro- 
computer. This also controls the wafer's 
position by rotating the platform or 
moving it in any direction in half- 
micrometre stepK. 

The team needs four processes to make a 
transistor. In the first stage a gaseous deriva- 
tive of silicon is allowed into the vacuum 
chamber. As the gas comes into contact 
with the area of the wafer where the laser is 
focused it decomposes, leaving behind a 
layer of silicon. With the addition of a little 
phosphine, phosphorus can be included in 
the silicon as a dopant (dopants affect elec- 

Sheffield looks 

SHEFFIELD City Council is to go ahead 
with a study that will take it one step 
closer to the production of combined 
generation of heat and power. The Euro- 
pean Commission is contributing £300 000 
to the work to be carried out by consulting 
engineers W. S. Atkins and partners. 

The scheme to be studied is based on a 
coal gasification plant which will produce 
synthetic natural gas from coal for use as a 
fuel in power generation. British Gas, 
which developed the process, believes coal 
gasification is approaching commercial 
viability. Combined generation of elec- 
tricity and heat is a way of using fuel more 
efficiently than when electricity only is 
produced. Although the amount of elec- 



The exposed silicon now needs to be 
doped. Again phosphine is admitted into 
the vacuum chamber, where it decomposes 
in the laser beam, leaving a layer of phos- 
phorus on the surface of the semicon- 
ductor. Using the power of the laser, a small 
volume of the material is melted and at the 
same time phosphorus is driven into the 
silicon wafer. 

Finally, metal interconnections must be 
made. If a mixture of gaseous com- 
pounds—tungsten hexafluonde and hydro- 
gen—are fed into the chamber, a laser will 
make the two react to deposit tungsten 
metal. By moving the wafer under the laser 
spot, metallic tracks are produced. 

Using these four procedures the physi- 
cists at Lawrence Livermore have demon- 
strated, for the first time, that direct laser 
writing alone is capable of producing 
transistors and more complex circuits. 
The team is now working on a system 
to produce one thousand circuit elements 
per second. If they are successful, they 
will have provided a greatly needed 
simplification to the process of making 
microchips. □ 

for cheap energy 

tricity generated goes down for a given 
amount of fuel, heat can be product for 
district heating schemes. 

Sheffield is one of nine cities selected by 
the government as a potential site for a city- 
wide combined heat and power scheme. It is 
also the city most keen on the technology. 
Should the scheme prove cheap enough to 
carry out, the city will have a buyer for 
some of the electricity it generates. The 
South Yorkshire transport authority is 
thinking of reintroduang trams which 
would run on a light rail or catenary 
system. And, of course, the Yorkshire 
Electricity Board would be obliged by last 
year's energy act to buy any excess elec- 
tricity. □ 
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Russian bobsleigh heading for medals 



THANKS to a £i million investment 
and training the Soviet Union looks 
set to win medals in the bobsleighing events 
at the Winter Olym- 
pics. Tomorrow and 
Saturday will see 
their much-vaunted 
aerodynamic bob- 
sleigh take to the run 
for the two-man 
event. 

It is designed to 
meet the require- 
ments of the rule 
book— just, and at 
600 millimetres wide 
has the smallest fron- 
tal area allowed. Its 
speed is also helped 

by the aerodynamic wings at either side of 
the sleigh. But the most important aspect of 
the Soviet sleigh is its power-to-weight 
ratio. The slei^ is made of hghtweight 
materials and driven by highly trained 




athletes who can supply the power for a fast 
start. At the end of the race the sleigh plus 
drivers must not weigh more than 350 kilo- 
grams, and again the 
Russians wifi hope 
to be just inside the 
rules. It was this rule 
that the Soviet team 
transgressed in the 
four-man bobsleigh 
event at the Euro- 
pean championships. 

By contrast, the 
British team will be 
sending its number 
one dnver out in an 
off-the-shelf Itahan 
sleigh, though the 
number two in the 
team will drive a sleigh specially designed 
by Ian Jones— an engineering consultant 
who used to work for Lotus. Jones's sleigh 
is steered like a car whereas all other designs 
have centre-pin steering. It also has 



Guinea-pig town tests technology 



■K^LTON KEYNES is a tovra acting as 
iVJ. a guinea-pig for technology and 
design ideas aimed at making homes more 
efficient and comfortable in the future. 

Local architects are finishing off a report 
to the Department of the Environment on 
fuel consumption monitored in 200 care- 
fully designed homes, since 1981. These 
have double glazing, and wider wall cavities 
and better lof^ insulation than is specified 
for homes being built now. But the main 
break with tradition is that most of their 
windows face south. The report will show 
that an investment of £600 can cut gas bills 
in half. 

Because of this success, work begins this 
summer on a 150-hectare energy park 
where homes, factories and offices will aU 
be built with south-facing glazing so that 
they collect and store their own solar 
energy. Wind losses will be cut by strategic 
hedgerows. In the long term Milton Keynes 
plans a heat main to supply all buildings in 
the park with hot water from a central 
generator plant. 

But dependence on an unproven heat- 
main system could leave everyone cold if it 
broke down. So the park will initially use a 
clutch of small-scale systems. These rely on 
modified car engines run on natural gas, 
which supply hot water and electricity to 40 
or 50 houses at a time. With an optimistic 
eye to the future, the architects are leaving 
room for a full-size heat main to serve the 
whole park, if and when the small systems 
prove reliable. 

The town is also at the forefront of Cable 
TV. All homes are already wired for Umited 
cable TV and radio service. Unfortunately, 
Milton Keynes was not granted one of 
the first 1 1 franchises for a pilot service, 
and the town's planners admit to 
being "shattered" by the Home Office's 
decision. 

Already 24 000 homes pay £16 a year to 
British Telecom and cable company 
SelecTV for off-air radio and TV to be 
piped into their homes. Of these homes 
only 1600 pay an extra £10 a month to 
receive a feature film service as well. 



Although the Home Office said no to a 
ftiU-blown 30 channel service in Milton 
Keynes it gave the go ahead for SelecTV to 
supply four extra channels as soon as it 
likes. 

Other firms in the business of cabUng 
British cities are watching avidly to see how 
much SelecTV dare charge for this service 
and how many people will pay for it. If 
cable fails in Milton Keynes, it is unlikely 
to succeed anywhere in Britain. There is no 
public cinema and the main entertainment 
is watching TV at home. 

But, if the people would rather play with 
home computers than watch TV they can 
always go along to Milton Keynes's Infor- 
mation Technology Exchange (ITE) for a 
£50 course. The E)evelopment Corporation 
is providing £300 000 over three years to 
ITE and the DTI is contributing £26 000. 
But there are not nearly enough customers 
to make the exchange self-supporting and it 
may have to try and make ends meet by 
selling computers, or computer services, 
when the grants run out. One of the most 
popular courses so far was for local parents 
who wanted to try and understand what 
their computer buff children were talking 
about. □ 



suspension at each of the four comers. Said 
Jones, "One of the first rules of the game is 
that you get better control if you keep all 
contact points moving together." Better 
control means that speed is not lost by 
banging against the walls at the beginning 
of the run. And Jones believes that his 
design should give the British an advantage 
during the first 400 metres. 

Unfortunately the bobsleigh Jones sold 
to the British Olympics team was damaged 
in practice and Jones cannot afford to fly 
out and repair it. "I made £400 on the 
£3500 sale, neither I nor the sport gets 
any backing from Britain. I cannot go 
around Europe as a mechanic giving free 
service." □ 

Secrecy order 

THE MINISTRY OF DEFENCE and 
Patent Office have slapped a secrecy 
order on an invention made by a small firm 
which makes computer tapes, in Bamsley, 
South Yorkshire. This means the 
firm— JLC Data— and the inventor Jim 
Lament, cannot talk about what they have 
done. But the latest issue of Personal 
Computer News (February 4) tells part of 
the story. 

Lamont claims to have invented a 
system which prevents people copying 
computer programs, from one cassette tape 
to another. A coded imprint on the master 
tape appears, as if by magic, when a copy is 
made and spoils it. 

The government obviously thinks the 
JLC idea is worth a close look. Under 
British law the Patent Office must notify 
the appropriate secretary of state if it thinks 
that any new patent application contains 
an idea that is prejudicial to "defence of the 
realm" or "safety of the public". If the 
Government, usually the MoD, agrees with 
this appraisal, then the case is deemed 
secret and locked away from pubUc view. 
In some cases it is never published. The 
inventor then gets compensation. If the 
MoD now maintains the secrecy order on 
JLC's invention it will be preventing the 
British computer software industry from 
using a system to prevent commercial 
piracy. If the MoD lifts the order it is tanta- 
mount to saying that the idea is not as good 
as the inventor believes and that even the 
Patent Office was fooled. □ 



Food or TV 



ETHIOPIA, one of the world's poorest 
countries, is to launch a colour tele- 
vision service this year. The government 
has awarded a contract worth £3 -5 milUon 
to a British company. Crow, to set up tele- 
vision and radio broadcasting stations. 

British engineers will re-equip Addis 
Ababa's television studios for colour, and 
train Ethiopian technicians. The contract 
also covers the supply of two outside broad- 
cast vehicles with electronic news-gathering 
equipment. 

The Ethiopian government hopes to 
have the colour television service oper- 
ational by September, the tenth anniver- 
sary of the overthrow of Emperor Haile 
Selassie. According to Crow, the contract 
will "provide the Ethiopian people with 



colour TV broadcasting on the national 
network". 

In fact, few Ethiopians will benefit. 
According to official figures, there are 
about 27 000 television sets in the country 
(population nearly 35 million), and with an 
average income of $ 1 30 a year, few people 
can afford colour sets. 

Social conditions are another obstacle to 
most Ethiopians ever enjoying Dallas. 
Despite the revolutionary government's 
health programme, the average life 
expectancy m Ethiopia is 39 years. The 
latest figure for infant mortality is 1 72 per 
1000 hve births. And in the drou^t- 
stricken north of the country, people lucky 
enough to receive aid Uve on 250 grams of 
grain per family per day. □ 
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Teamwork at the University of Sheffield. The university has set up a specialist biotechnology company with money from 3i 



Biotechnology demands a special strategy 

British biotechnology needs a new partnership between government and industry, especially to keep 

the development of process plant, enzymes and vaccines 

Ronald Colman 



must be decided with the help of the best information avail- 
able from a wide range of sources. A successful programme 
must maintain the country's strengths and build up vital 
areas to a level at least comparable with our overseas 
competitors. 

A key feature of the initiative from the Department of 
Trade and Industry (DTI) launched by Patrick Jenkin in 
November 1981 was the formation of a Biotechnology Unit, 
with experienced staff seconded from industry, to advise on 
the allocation of resources. More recently a new consultative 
committee, chaired by a minister of state, Kenneth Baker, 
and composed mainly of senior industrialists with a few 
government officials, has been formed. The committee will 
ensure that government support and policies take account of 
industrial needs and opportunities. 

Successful development of biotechnology in the UK must 
involve an effective partnership betweeen the public and 
private sectors. The basic research supported by research 
councils should be encouraged, not so much to develop prod- 
ucts but to provide the scientific understanding of cell mech- 
anisms of different species and biosynthetic routes for protein 
production and control. A programme of this nature cannot 
be entirely centrally planned as it depends on initiatives and 
proposals from many individual research workers. Never- 



IJ HAVE NO DOUBT that bio- 
I technology will have a significant 
-^■commercial impact during this decade; 
by the year 2000 it may well result in 
annual production worth tens of bUlions 
of pounds worldwide. Already, many new 
biotechnology-based companies have 
been formed worldwide, with share values 
exceeding one billion pounds because 
biotechnology has potential application 
in many diverse activities, such as health 
care, agriculture, environmental control 
and energy supplies. It is inevitable that 
resources on this scale will result in the development of new 
products and markets; and it is important that the UK 
achieves a significant share of world markets to come. I 
believe this aim is most likely to be achieved if we have a 
coordinated national programme for biotechnology which 
meets the needs of government and industry. 

A national programme can take many forms. In my view, 
an essential ingredient is that the climate in the private sector 
must be as favourable as possible for both innovation and the 
development of new products. It should be supported by the 
most effective use of available funds, the sharing of which 



theless, it is desirable (as spelt out by the SERC) to identify 
strategically important areas and to encourage relevant 
proposals for them. The areas identified by the SERC, after 
consultations with industry, include immobilised enzymes 
and cells, plant genetics and biochemistry, the large-scale 
growth of mammalian and plant cells, fermentation tech- 
nology and microbial physiology, new reactor design and 
concepts in downstream processing, and sensors and 
bioelectronics. 

In my view it would be beneficial if the other research 
councils identified a similar set of strategically important 
areas for study. It is important that industrial researchers 
interact more effectively with academic laboratories so that 
developments and advances are transferred rapidly. This is 
likely to be best achieved by a close working relationship in 
joint projects. These may be in the form of club activities; for 
example, the Leicester Biocentre pro^mme in yeast genetics 
involving John Brown Engineering and Constructors, 
Dalgety Spillers, Distillers, Gallahers, and Whitbreads, or the 
Institute of Biotechnological Studies project on immobilised 
biocatalysts involving companies such as Glaxo, May Baker, 
Shell and Unilever. 

Support for the public sector 

Alternatively, collaborative programmes sponsored by 
SERC or DTI, which jointly fund links between individual 
companies and university groups to meet specific objectives, 
can also be very effective. The other research councils should 
seriously consider partial support of applied research by 
collaborative methods to improve the academic links with the 
medical, food and agricultural industries. 

Companies and universities will be helped to make Unks by 
the Biotechnology Unit's Directory of British Biotechnology. 
It will provide a detailed account oi British companies and 
academic groups active in this field. Pubhcation of the direc- 
tory is planned for March 1984. 

The DTI has a significant programme of R&D support for 
public sector laboratories, including Warren Spring Labora- 
tory, Harwell and CAMR Porton. The aim is to encourage 
pre-competitive research in collaboration with companies, 
particularly in the area of fermenter design and the devel- 
opment of downstream processing plant. These laboratories 
also have pilot plant facilities which can produce limited 
quantities of specific products for the evaluation of their 
departmental programme to encourage all parts of the 
biotechnology process, from genetic engineering through to 
product punncation. 

In November 1982, the DTI launched a three-year 
£16-million programme to help the development of British 
biotechnology. The DTI actively supports and encourages 
biotechnology within companies. First of all, through assis- 
tance with consultancy studies, enabUn^ companies to evalu- 
ate opportunities and threats to their existing business. 
Secondly, by supporting the research and development of 
processing methods. The supported projects cover a very 
wide range. They include the large-scale production of mono- 
clonal antibodies at Celltech, polyhydroxybulyric acid devel- 
opment at ICI and the development of anaerobic digestion 
processes for food and distillery wastes. The Biotechnology 
Unit, which manages the support scheme for biotechnology, 
is evolving a series of strategic studies to ensure that support 
to industry makes an international impact. 

It is already clear that there is a key opportunity for British 
companies m building the process plant required for 
biotechnology. A detailed evaluation of the plant available 
from British and foreign companies is in progress. Plant 
requirements for the future are also being studied. This study 
should help to pinpoint specific opportunities for equipment 
manufacturers as well as longer-term R&D requirements. 

The application of enzymes in biotechnology processes is 
expected to increase substantially, and it is important that 
Britain strengthens its position in this area. Support for R&D 
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Ronald Colman: 
Britain will only 
gain its share of 
biotechnology markets 
by a '^coordinated 
national programme 

which meets the 
needs of government 
and industry" 



alone, although important, is not likely to allow British 
companies to compete effectively with Novo and Gist 
Brocade (except in limited sections of the market). Effective 
collaboration between users and suppUers of enzymes seems 
to be prerequisite to gaining a greater market share. 

In the past, the production of vaccines has been the 
Cinderella of the pharmaceutical industry because of their 
relatively low profitability. It is not surprising that companies 
have tended to devote resources to pharmaceuticals with high 
added value. Developments in genetic engineering offer 
many new opportunities for preventive medicine. It is there- 
fore important to maintain a satisfactory position in vaccines; 
R&D in new vaccines for human and animal care deserves 
increased support by the pubUc sector. It is expected that a 
few additionsd priority areas will emerge over the coming 
months. Industry will be encouraged to evaluate these care- 
fully. Equally important is that the Biotechnology Unit has 
identified some appUcations which do not seem to be worth- 
while for Britain. They include biomass conversion for the 
production of bulk chemicals and power alcohol to replace 
fossil fuel feedstocks. 

In the four years since the publication of the Spinks Rep>ort, 
attitudes towards biotechnology have changed considerably. 




Should the research councils identify strategic areas of study? 



M New Scientist 9 February 1984 

The elements of a possible boom 



How DOES Britain compare with other 
countries in biotechnology? First, 
though probably not the most important 
point, the total public funds available for 
biotechnology in the UK is of the same 
order as that available in Japan, West 



Public funds for R&D 
worldwide 

Btotechrmlogy Biotechnoloy 



R&D relevant R&i 

£m £m 

West Germany 21 75 

France 18 48 

Britain 26 34 

Italy 7 20 

Netherlands 6 15 

Belgium 5 8 

USA 135 360 

Japan 35 ? 



Source: EEC, figures are estimates 



Germany and France and considerably 
more than other European competitors. It 
is significantly less than the money avail- 
able for basic research in the US. 

Britain's basic research in biochemistry, 
fermentation, molecular biology and other 
technologies important to the application 
of biotechnology, is highly regarded inter- 
nationally; the resources devoted to these 
areas is second only to those of the US. 
There is a good basic research base which is 
well supported by the research councils as a 
matter of priority. In the case of the Science 
and Engineenng Research Council 
(SERC), all its budget is spent in the univer- 
sities and polytechnics. The Medical 
Research Council (MRC) and the Agricul- 
ture and Food Research Council (AFRC) 
spend the majority of their cash in their 
own institutes. 

The education and training facilities in 
the UK, available or planned, can ensure 
an adequate supply of trained manpower, 
both for R&D and, ultimately, for prod- 
uction. We expect to meet the targets for 
trained biotechnologists recommended by 
the Royal Society. The SERC in particular 
has encouraged the development of MSc 
courses in biotechnology (courses have 
doubled to four in the past two years) and 
it has increased its support for PhD 
students (now 32 per year). There are some 
specific shortages: for example, few 
biochemists have expertise m plant 
biochemistry, which is important to the 
development of biotechnology for the 
benefit of food and agriculture. It would be 
desirable if the AFRC increased its support 
to universities with good research proposals 



in plant biochemistry, as this would then 
feed back into the education process. 

The infrastructure supporting bio- 
technology in the UK is well developed. 
The legal framework which controls health 
and safety at work, pollution, product 
manufacture and sale, is perceived by 
industry to be balanced and sensible, with- 
out restraining the development of product 
and processes, and to protect workers and 
the public. The fact that EU Lilly chose the 
UK to produce human insulin, and G. D. 
Seade built its £7 million pilot plant to 
develop products based on recombinant 
DNA, show that enforcement is realistic 
and not unnecessarily restricting. 

One feature of the economic climate 
outside the control of the British govern- 
ment, but which limits development to 
some extent, is the protection of agriculture 
by the European Economic Community. 
High fructose syrup produced from starch 
by immobilisea enzymes is an important 
sweetener in the US, but the tariff imposed 
by the EEC to protect sugar growers has 
seriously limited its manufacturers in 
Europe. Additionally, this has affected the 
development of l^e-scale immobilised 
enzymes processes in general. Further, 
unless action is taken to bring the commu- 
nity price for starch and sugar into line with 
world prices, then some production plants, 
for citric and lactic acids for example, will 
go overseas, inhibiting further process 
development in biotechnology. Fortu- 
nately, the European Commission has real- 
ised the disincentive of inflated raw 
material costs, and proposals to rectify the 
position with respect to biotechnology are 
under discussion. 

The fiscal r^me for R&D in Britain is as 
favourable as for most developed countries. 
R&D revenue and capital expenditure can 
be written off for tax purposes in the year in 
which they are consumed. However, some 
improvement in the tax liability for gains 
on share options for employees of R&D 
companies and the inclusion of such 
companies in the Business Expansion 
Scheme would encourage new companies 
and the retention of key employees. While 
the successful development of bio- 
technology does not depend necessarily on 
small genetic engineering companies, in 
my view the intense competition from the 
large number formed in the US is likely to 
lead to many new commercial oppor- 
tunities. A few American firms will grow 
into major producers in the next decade. In 
the past three years, more of these compa- 
nies have been formed in Britain than else- 



where in Europe but, so far, not on the 
same scale as in the US. 

Finance is available from the City in 
return for an equity stake in such compa- 
nies but the general view of UK venture 
capital sources is that there have been too 



few well-researched opportunities with 
clearly identified products presented to 
them. Thus, most of the funds available 
from Rothschilds Biotechnology In- 
vestments have been placed in the US 
because scientists there have pooled 
resources with entrepreneurs able to 
prepare business plans and well-written 
prospectuses. However, 3i, part of the 
Finance for Industry group, has been more 
successful because of its policy to seek 
opportunities in the universities and to help 
with the preparation of the business plan 
and the management of the new company. 

Imperial Biotechnology and Plant 
Sciences are two such new companies 
exploiting specific market opportunities. 
They have arisen from Imperial College 
and Sheffield University respectively. It is 
important not to overemphasise the role of 
small companies. The performance of the 
pharmaceutical and chemical companies in 
Britain has, in general, been good com- 
pared with those in most other countries. 

Thus, Britain has a good industrial base 
to take developments in health care and 
speciality chemical products into the 
market place. Further, Britain is a major 
centre for chemical contractors who will be 
able to absorb extra production. Individual 
companies, such as John Brown Engin- 
eering and Constructors which, in conjunc- 
tion with ICI, built a large fermenter to 
produce single cell proteinj have clearly 
demonstrate their capabihties in sterile 
engineering for biochemical products. □ 



DTI support for biotechnology 


Sector Commltrrtertt £m' 


Pharmaceutical products 


1-4 


Diagnostics 


1-1 


MoTKxdonal antibodies 


0-4 


Enzymes 


0-1 


Specialty chemicals 


0-3 


Food/Agriculture 


1-5 


Bioetectronics 


0-4 


Waste treatment 


0-6 


Process plant 


20 


Bloreactors arxJ Fermenters 


30 


Plant and animal cell production 


0-7 


Culture coUectk>ns 


0-7 




£12-2 


* Funds committed by DT) since June 1982, not 


including Industrial contributions to projects 





There is a general awareness that this technology will have 
major industrial significance in the medium and longer term 
and that resources devoted in Britain to its development, both 
public and private, are fully justified. There is no room for 
complacency and much needs to be done in the next few 
years to strengthen the British position, particularly by the 
industry itself. Biotechnology is an international business; to 
succeed in it Britain must aim for significant shares in sjjecific 
markets. In most cases it will be impossible to protect the 
home market unless we are internationally competitive. 

The major chemical, agri-food and pharmaceutical compa- 
nies have well-developed plans to exploit biotechnology as 



profitable market opportunities appear. They can be most 
effectively helped by building up our science base in strategi- 
cally important areas. For the smaller and medium-size 
companies, as well as the specialist biotechnology firms, 
continued public support for R&D will be required for some 
time. Above all, we must ensure an effective partnership of 
pubhc and private sectors so that government support and 
poHcies can provide the sound foundation that companies 
need to plan efTectively for the future. □ 

Ronald Cdman is the Government Chemist with responsitjility for 
sponsoring the appllcatkxi of bk)tec^inology in industry. 
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Industry wants a role for government 

The biotechnology industry does not want to gamble its future just on market forces. 
It wants the government to set out a national development programme 

Stephanie Yanchinski 



Celltech's Vaughan: 
Government guidance on 
purchasing policy 
"is easy to lay down 
but difficult to 
carry out . . . The NHS 
is cagey about 
trying anything 
that is new" 



II TNITIAL REACTIONS from bio- 
I I technology companies favour the sug- 
■ gestion that the government should 
I take an active role in the industry's future. 
1 The proposal has been made by Ronald 
I Colman, the Government Chemist who is 
J also responsible for the industrial devel- 
1 opment of biotechnology. New Scientist 
I spoke to Edward Dart, head of ICI's 
I corporate bioscience and colloids labora- 
I tory, Gerard Fairtlough, chief executive 
I of Celltech, and Caroline Vaughan, its 
director of business development. ICI's 
views are rather different in detail to those of the much 
smaller Celltech, but everyone agrees that the industry cannot 
afford to gamble its future 
solely on market forces or 
scientific objectives. 

Edward Dart, one of the 
architects of ICI's own 
biotechnology strategy, says 
that "the government 
urgently needs to set priori- 
ties, not for industry but for 
research". He adds: "If we 
don't get the research right 
we will fall behind. In order 
to compete in the real world, 
we have to believe we can 
bring something special to 
the underpinning science." 

He warns that burgeoning 
commercial offshoots from 
British universities could 
divert scarce resources away 
from research. "Universities 
should not try to do in- 
dustry's job. They are there, 
in part, to provide the basic 
science on which British 
industry depends. Academ- 
ics believe they have a good 
picture of what industry 
needs but their commercial 
judgements are often naive." 

So the question remains of 
how to set these research 
priorities. Dart: "I'd start not 
by focusing on what tech- 
nology can give us but by 

first deciding which UK busi- 

nesses will prosper through 

using biotechnology to radically alter their product 
approach." He names three industries, with a proven track 
record in exploiting new technologies, that especially deserve 
attention: pharmaceuticals, agriculture and food. They 
should target those sections of the market where 
biotechnology does not compete with conventional chemical 
synthesis. The new immune regulators, treatments for cancer 
and arthritis, new plant varieties which give rise to 
microbially-based pesticides and even agrochemicals, and 
new additives for food can give the large returns, necessary for 
the budding biotechnology industry. 




Unlike Colman, however. Dart does not believe it is 
commercially worthwhile to develop new enzymes, despite 
the predictions of a market worth hundreds of millions of 
dollars. "How many new enzymes are going to be devel- 
oped?" he asks. "I don't believe there will be any dramatic 
new business here." 

Dart wants commercial effort to be backed by more basic 
research in areas such as plant physiology and biochemistry, 
"receptor" biology for designing new drugs, and human 
immunology and toxicology. The latter could benefit 
biotechnology indirectly by lessening the need for expensive 
animal testing of drugs and so freeing more money for R&D. 
He thinks the Agricultural and Food Research Council and 
the Medical Research Council have been slow to tackle 
research that could help industry compete internationally. "A 

way must be found of open- 
ing up the debate with the 
AFRC and MRC." 

Dart cites threats to the 
British biotechnology indus- 
try which arise either out of 
the government's cuts in 
science or its non- 
interventionist policies. For 
example, proposed cuts in 
the research budget of the 
Science and Engineering 
Research Council (SERC) 
may reduce its flexibility to 
fund projects as the need 
arises; process engineering, 
crucial to the exploitation of 
biotechnology innovations, 
could suffer in particular. 
The brain drain is another 
source of concern, says Dart; 
1 2 many ascribe the problem 
1 1 to the uncertainty facing 
Britain's universities. Liai- 




Gerard Fairtlough: 
"It would be a good 
thing to have a 
dozen Celltechs. 

We are a bit 
of an oddity . . . 
people would feel 
more comfortable 
dealing with us*' 



sons with Japanese com- 
panies and American invest- 
ment in Britain, encouraged 
by the government's free 
trade policy, could "siphon 
off good ideas". 

Lastly, Dart thinks that the 
government should not 
encourage the growth of 
more small companies 
financed by venture capital. 
"The Americans can afford 
the shotgun approach and 
the Japanese culture allows the government to plan exactly 
what it wants to do. The UK doesn't have the cash or the 
culture to follow either of these tracks. We must get our edge 
in other ways." Dart suggests that research councils should 
catalyse partnerships between universities and industry, with 
industry being more open in defining its science needs and 
universities using research council money to help satisfy 
them. 

For small, but determined, biotechnology company such as 
Celltech the story is somewhat different. Celltech was estab- 
lished three years ago by the British Technology Group and 
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is one of only two, truly 
genetic engineering com- 
panies in Britain. "The UK 
especially needs small com- 
panies which can easily iden- 
tify new product areas," says 
Gerard Fairtlough. "For 
Celltech it would be a good 
thing to have a dozen Cell- 
techs. We are a bit of an odd- 
ity. People would feel more 
comfortable dealing with us." 

Otherwise, Vaughan and 
Fairtlough would like to see 
government action, at least 
at ministerial level, to make 
life easier for smaller com- 
panies trying to get going. 
Particularly valuable would 
be an improved purchasing 
policy for new drugs and 
diagnostics within the NHS 




Bovine-tech: ICl's Pruleen plant at Billingham produces animal 
feedstocks by biotechnological routes 



and better tax treatment of the share option scheme for the 
employees of these new companies. 

The Department of Trade and Industry (DTI) has issued 
guidance notes on purchasing poUcy, with the stated aim of 
helping smaller companies. But Vaughan points out that "is 
easy to say but more difficult to do". The NHS is looking for 
value for money, and it does not want to purchase straight 
substitutes for existing drugs. "In particular, it is cagey about 
trying something new." 

Yet comparatively unestablished firms such as Celltech 
need the NHS's cooperation in testing new products, and the 
NHS stamp of approval when it comes to launching a new 
product in the US. Fairtlough says: "It is always safer when 
faced with a new fangled product from a little company to say 
'no'. The attitude in purchasing should be more adven- 
turesome. After all, we are not asking the NHS to accept 
products of inferior quality." 
There are problems with other government schemes 



supposedly set up to benefit 
the smaller company. The 
system of R&D support 
grants, for example, which 
guarantees payment of one- 
third of the costs of a new 
project, does not allow for 
full overheads. The grants 
provide for between 25 and 
30 per cent of total costs. 
Small projects, often the all- 
important first exploration 
of a technology, suffer under 
this scheme. Vaughan says 
it is "uneconomic to go 
through the long-winded 
procedures to get a little 
government money for 
projects costing less than 
£50 000." 

Even SERC's idea of 
industrial clubs to carry out 
joint research is often not as attractive as it might seem. "The 
idea of clubs could benefit the small companies, by giving 
them access to technology," Fairtlough says, but, on the other 
hand, "smaller companies may not be able to afford a 
subscription fee of £7000." 

The Celltech executives reserve especially stringent 
criticism for the "failure" of the Department of Education 
and Science (DES) to do all that was possible during the 
recent budget cuts to ensure the existence of the 
biotechnologists that Britain is going to need in the future. 
The DES paid "lip service", Fairtlou^ says, to supporting the 
science and technology base in Britain. Not enough was done 
to make the system more flexible by reforming tenure for 
example, or changing the policy on retirement so that Britain 
does not lose its top people simply because they have reached 
a certain age. "Some of the top scientists might not have 
joined the brain drain if the climate had been better," 
Fairtlough says. □ 



SERC head backs his judgement with cash 



GEOFFREY POTTER, head of the 
biotechnology programme at the 
Science and Engineering Research Council 
(SERC), has long believed that there should 
be a national strategy, at least for setting 
research priorities, with an eye to the indus- 
trial welfare of Britain. Accordingly, over 
the past two years, since SERC's 
Biotechnology Directorate was founded, 
Potter acted on his own advice and in 
consultation with industry to establish 
several priority areas which will take most 
of his £2-5 million budget, for the fore- 
seeable future. 

These range from plant genetics and 
biocatalysts, which Potter thinks are weak 
subjects in Britain, to biosensors and 
protein engineering, in which British 
research is strong. With the exception of 
large-scale culturing of animal and plant 
cells, Potter thinks Britain is level with 
other European countries. This is the case 
in the other priority areas of microbial 
physiology, fermenter design and down- 
stream processing. 

Potter's directorate has led the other 
research councils in galvanising industry, 
through a series of round-table discussions, 
to take an interest in British universities. 
His record in encouraging industry to 
participate in a variety of collaborative 



research programmes is impressive. For 
example, biotechnology projects jointly 
financed by industry and the SERC. under 
the cooperative grants scheme, have been 
increased from three to 17. Firms 
contribute about £1-7 million and the 
SERC £1 million. Potter's latest scheme is 




Potter: money for priority areas 



to organise an industrial club to support 
research in protein engineering at several 
academic centres. A group of companies 
met before Christmas and agreed to 
consider financing the club to form a multi- 
disciplinary team to look at the detailed 
structure of industrially important 
enzymes and pharmaceuticals. If they 
succeed, other clubs may follow with like 
ideas in the areas of waste treatment and 
biosensors. 

A sizeable proportion of Potter's 
budget-about £750 000— goes to train 
postgraduates. Last year SERC commis- 
sioned a study on the supply of 
biotechnology manpower in Britain; it is 
due in the next few months. Potter says that 
"inevitably the sectors chosen for priority 
treatment would lead to certain academic 
departments being given preferential fund- 
ing compared with most others, but this 
after all is what a strategy is all about. It is 
not about fair shares for all, but about 
priorities." 

Crucial to Potter's plans is a close 
dialogue with industry, for it is industry 
that will eventually exploit the research "In 
Britain", he says, "we still haven't got it 
right. We still give more weight to the 
cultural side of science than to its applica- 
tion." □ 
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The eleven dimensions of reality 

Theoretical physicists are beginning to piece together a unified theory of the Universe. 
But they picture a strange world in which force and matter are abolished and become merely 
knots and kinks in the 11 -dimensional geometry of space-time 

Paul Davies 



► ■ 




AN AGE-OLD scientific dream is 
/\ that the physical world might 
*-be reducible, ultimately, to pure 
geometry; that what we see as material 
bodies and forces are nothing but knots 
and kinks in empty space-time. The 
idea has an appealing economy to 
it— the concrete substantiality of the 
world whipped out of a frolic of 
nothingness. 

The first serious step in the 
geometrisation of nature was taken by 
Albert Einstein in his general theory of 
relativity, published in 1915. In this 
historic work, Einstein abolished the 
force of gravity, replacing it by an enig- 
matic field of geometrical distortion, a 
warping, or curving, of space-time. 
According to general relativity, bodies 
are not pulled by forces of gravity at all, 
as Newton had claimed centuries 
before. They simply meander as effort- 
lessly as possible through an under- 
lying warped space-time. Viewed this 
way, the curvature of the Earth's orbit 
around the Sun is not really due to a 
force of gravity, but is a reflection of 
the curvature of space-time in the 
Sun's vicinity. (In spite of this, phys- 
icists still find it convenient to 
continue referring to "the force of 
gravity".) 

The power and elegance of 
Einstein's geometrical description of 
gravity soon inspired a Uttle-known 
Polish physicist, Theodor Kaluza, to 
look for a more comprehensive 
geometrisation of nature. In 1921 
Kaluza published an extension of 
Einstein's general relativity in which he claimed that both 
gravity and electromagnetism could be formulated in 
geometrical language, provided they were united into a single 
field theory. Kaluza's was the first attempt at a unified field 
theory, and it seemed to be something of a mathematical 
miracle. Kaluza showed that electromagnetism can be 
regarded as a form of gravity— and here was the bizarre 
twist— the gravity of a fifth dimension. 

The ordmary space of our perceptions is, of course, three- 
dimensional. Relativity links space and time, so physicists 
have traditionally thought of the world as four-dimensional, 
three dimensions of space plus one of time. Kaluza proposed 
that there exists yet another dimension of space— a fifth 
space-time dimension— that we do not see. According to this 
theory, what we interpret as electromagnetism is, in rough 
terms, gravity acting in this unseen fifth dimension. The 
theory abolishes electromagnetic forces, just as Einstein 
disposed of gravitational forces, and replaces them by warped 
geometry, this time five-dimensional geometry. In Kaluza's 
theory, an electromagnetic wave, such as a radio wave, is a 
ripple in the fifth dimension. The most remarkable feature of 
the theory is that Einstein's gravitational field equations, 
when extended to five dimensions, should reproduce exactly 



the laws of gravity and electro- 
magnetism in the four space-time 
dimensions of direct experience. 

The chief weakness of Kaluza's 
original theory is that we do not see this 
extra dimension of space which plays a 
central role in the description of elec- 
tromagnetism. Where is it? 

In 1926 the Swedish physicist Oskar 
Klein came to the rescue by suggesting 
that we do not see Kaluza's fifth 
dimension l)ecause it is shrunken to 
invisibility. The situation can be 
compared to viewing a hosepipe from a 
distance. What from afar looks like a 
wiggly one-dimensional line, on closer 
scrutiny, turns out to be a narrow tube. 
Every point on the "line" is, in fact, a 
little circle around the circumference 
of the tube. Klein proposed, anal- 
ogously, that what superficially 
appears to be a single, structureless 
point in space, is in reality a tiny circle 
going around the fifth dimension. We 
do not notice the extra dimension 
of space because it has been 
"compactified", or rolled up on itself to 
a very small size. Calculations put the 
circumference of this "tube" of space at 
about twenty powers of ten smaller 
than an atomic nucleus— far too small 
for us to have discerned it directly, 
even in sub-nuclear particle experi- 
ments. 

The Kaluza-Klein theory, though 
intriguing, remained little more than a 
curiosity for several decades. It was 
discussed in detail by Stephen Unwin 
in "Living in a five-dimensional 
world". New Scientist , 29 April 1 982, p 296. Since then, there 
has been a surge of renewed interest occasioned by some 
spectacular recent developments in the search for a unified 
field theory. 

Today, physicists recognise not two, but four basic forces of 
nature. In addition to gravity and electromagnetism, two 
nuclear forces, called weak and strong, have also been discov- 
ered. Any successful unified field theory would have to 
accommodate these two nuclear forces as well. Significant 
progress along this road was achieved in the late 1960s when 
Steven Weinberg and Abdus Salam found a mathematical 
description that weaves together electromagnetism and the 
weak force into a single conceptual scheme. Physicists 
consider this a major advance in our understanding of the 
relationship between the different forces of nature. 

During the 1970s, suggestions for further unification came 
from Sheldon Glashow and others, in which .the strong force 
is merged with the newly unified electromagnetic-weak force 
in what have become known as "grand unified theories", or 
GUTs for short. The aim of the GUTs is to provide a unitary 
mathematical framework in which three out of four of 
nature's forces emerge as closely related components. The 
theorist's ability to subsume three apparently very different 
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sorts of forces under a single 
conceptual umbrella hinges 
on the discovery that these 
forces can all be described 
using so-called "gauge fields" 
in which certain abstract, but 
distinctive, symmetries occur 
in the structure of the force 
fields. The presence of these 
crucial symmetries already 
hints that some sort of hid- 
den geometry is at work in 
the operation of the forces of 
nature. Only in the past 
couple of years has this 
geometry been made fully 
explicit— by appealing to the 
idea of further space dimen- 
sions once again. 

In the Kaluza-KJein 
theory, electromagnetism 
was embodied within gravity 
by grafting a single extra 
dimension onto four- 
dimensional space-time. Ex- 
tending their theory to 
incorporate the trio of forces 
— electromagnetism, weak 
and strong— demands still 
more dimensions of space. 

The weak and strong 
forces are more complicated 
in structure than electro- 
magnetism. For example, 
whereas the photon can be 
regarded as the "messenger" 
that transmits the electro- 
magnetic force between elec- 
trically chained particles, the 
equivalent quantum descrip- 
tion of the weak force 
demands both the newly 
discovered Z particle, which 
is identical to a photon in 
everything except mass, and two electrically charged messen- 

f;ers called and W". When it comes to the strong force, no 
ewer than eight sorts of messenger quanta (known as gluons) 
are needed. To accommodate all this additional complexity, 
the Kaluza-Klein theory has to be enlarged to involve a total 
of seven extra space dimensions, making 10 space dimensions 
plus time, or 1 1 space-time dimensions in aJl. 

Is it conceivable that the Universe really is 1 1 -dimensional, 
and that what we have always regarded as forces are actually 
the unseen seven dimensions at work? One man who thinks 
so is Michael Duff of Imperial College, London, who with his 
colleague Chris Pope has been developing the eleven- 
dimensional Kaluza-Klein theory for a couple of years. 
In this challenging task, intuition is of little help. Higher- 
dimensional spaces leave the imagination floundering. On 
the other hand, mathematics has no need of visualisation, 
and mathematicians routinely study all manner of multi- 
dimensional spaces for their interesting properties. One 
such was Elie Cartan, a French mathematician, who in the 
1920s elucidated many of the geometrical properties of 
multi-dimensional spaces. Cartan's work, while conducted 
purely for its intrinsic interest, is turning out to have an 
unforeseen importance in the revitalised Kaluza-Klein 
theory. 

As in the original version of the theory, it is necessary to 
issume that the extra dimensions are compactified, that is, 
rolled up somehow to a microscopic size. When only one 
additional dimension of space was involved, this 




compactification meant regarding each point in three- 
dimensional space as a tiny circle. In the extended theory, 
each point becomes a seven-dimensional compact space, and 
there are a great many different ways to compactify seven 
dimensions. 

Remarkably, however, one particular choice stands apart. 
This is the seven-dimensional analogue of the sphere, known 
for short as the seven sphere. Cartan and other mathe- 
maticians had demonstrated that the seven sphere is 
possessed of a number of unique geometrical properties: and 
these, moreover, are precisely the properties required if the 
extra dimensions are to be interpreted as force fields. 

A sphere is a highly symmetric shape, and a seven sphere 
embodies many additional powerful symmetries that reflect 
the all-important gauge symmetries on which our present 
description of the forces of nature hinges. However, one of 
the reasons it took so long for physicists to understand these 
forces is that, under most circumstances, the symmetries are 
hidden, or broken. This symmetry-breaking may be 
reproduced in the Kaluza-Klein theory by allowing the seven 
sphere to be slightly distorted, or squashed. The squashed 
seven sphere is emerging as the most favoured shape for the 
unseen dimensions of space. 

The new Kaluza-Klein theory has proved so inspiring to 
theoretical physicists that they have been rushing to adapt all 
the laws of physics from 4 to 1 1 dimensions. One obvious 
problem to be tackled is to find a reason why an 
1 1 -dimensional space-time should arrange itself into four 
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plus seven. The hope is thai 
this configuration represents, 
in some sense, the lowest 
energy state of space-time. In 
physics, systems generally 
seek out a state of minimum 
energy, so it is possible to 
believe that when the 
universe was created, all 10 
dimensions of space existed 
on an equal footing, but that 
somehow seven of them 
spontaneously decayed, curl- 
ing up into a shrunken ball. If 
the idea is correct, it opens 
up a tantalising possibility. 
Perhaps the unstable seven 
dimensions remained active 
for long enough in the prime- 
val cosmos to leave an 
imprint on the structure of 
the universe, an imprint that 
remains to this day? 

The most spectacular such 
possibility is that the seven 
vanished dimensions will 
provide an explanation for 
the big bang itself The ulti- 
mate cosmic mystery is the 
cause of the explosion which 
brought the physical Uni- 
verse into being about 15 
billion years ago. The only 
force known to us that can 
take control of the entire 
Universe is gravity, but in all 
our experience gravity is 
attractive — it is a pulling 
force. The explosive outburst 
^ which marked the creation of 
I the Universe requires a push- 
5 ing force of unimaginable 

* power to blast the cosmic 

fragments apart and set the 
Universe on the path of expansion. Very recently, theorists 
have discovered that unified force fields naturally tend to 
produce just such a repulsive force under the extreme condi- 
tions expected in the big bang. 

One conceivable scenario for the creation goes something 
like this: In the beginning. 1 1-dimensional space-time erup- 
ted spontaneously out of literally nothing, an event that is 
only explicable within the context of quantum physics, which 
permits the uncaused creation of physical structures. The 
shape of space need not initially have been specially ordered; 
it could have been chaotic and turbulent. In some regions, 
inevitably, the configuration would have been such that the 
competition of forces produced a huge repulsion. As a result, 
three space dimensions began to expand at an accelerating 
rate, while the remaining dimensions spontaneously rolled 
themselves into a seven sphere. If the outward driving force 
could sustain itself for long enough, the explosive violence 
characteristic of the big bang would be achieved. 

At this stage such ideas can only be tested by calculation. 
Would the repulsive force have lasted long enough? Is it inev- 
itable that three dimensions of space embark upon expansion 
while seven collapse, or could there be a different split, say, 
two plus eight? 

It may be that even the number of starting dimensions is 
variable.and that 1 1 has been selected anthropically too. 
There is, however, some curious independent evidence that 
suggests the number 1 1 is unique. It comes from a branch of 
physics which sets as its goal the formulation of a mathe- 
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matically consistent quantum theory of gravity. For some 
time, physicists have been greatly distressed that the general 
theory of relativity, whatever its intrinsic merits, clashes badly 
with the principles of quantum physics.The only way out of 
this impasse seems to be to embed general relativity in a more 
comprehensive theory of gravity which involves extra 
components — types of gravity we haven't yet seen. Accord- 
ing to this philosophy, all the mathematical troubles with 
quantum gravity have arisen because physicists have been 
artificially isolating what is actually only a fragment of the full 
panoply of gravitational forces. 

To achieve a complete theory of gravity— one which will be 
consistent with quantum physics— the gravitational force of 
familiar experience has to be fitted together snugly (in a math- 
ematical sense) with the additional, as yet undetected, grav- 
itational components. For the past decade, an army of 
theorists has been engaged on this daunting enterprise. Their 
work has centred on a key idea, called supersymmetry. This 
is an abstract mathematical concept related to the 
phenomenon of intrinsic spin found among subatomic 
particles. The technical details do not matter here. The point 
is that the most elegant formulation of a supersymmetric 
theory of gravity is one in which space-time has 1 1 dimen- 
sions! 

Is this just an improbable coincidence, or does it point 
compellingly to a deep connection with the unified gauge 
theories of the other three forces of nature? Is the mathe- 
matics hinting at a fully unified field theory, in which gravity 
and other forces are merged into a single superforce? If so, 
then that age-old dream of building the world out of pure 
geometry could be close to realisation— but the geometry 
would be that of an 11 dimensional universe. □ 



Paul Davies is professor of theoretical physics at the University of 
Newcastle upon Tyne. His latest popular book is God arid the New 
Physics (Dent). 
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Why we need evoltttion by jerks 

PdDCtiiated equilibrium is attracting an enormous amount of interest. Is this becaii§e» Uke 
fnDdamentalist creationism, it offers an escape from beast within'? 

John Turner 



TiE IDEA that evolution occurs by leaps and bounds, 
the "punctuated equilibrium theory" (or as I sometimes 
call it "evolution by jerks") of Stephen Gould and Niles 
Eldredge, was destined to come into being from the day in 
1963 when a quiet, brilliant graduate student at the Lx)ndon 
School of Economics published a paper ctdled "The evolution 
of altruistic behaviour". Its author, the now eminent biologist 
W. D. Hamilton, will probably be as surprised by this state- 
ment as the rest of you are puzzled. I had better explain. 

We must go right back to Charles Darwin. His central 
scientific ins^t was that organic diversity and the beautiful 
adsq>tatioQS cn animals and plants to their environments had 
one angle cause— natural selection. Like many such original 
ideas it is obvious once you say it. That this implied that 
Genesis was not literally true was a worry to some people, but 
the minor worry to many. The theologians of the Higher 
Criticism had for years maintained that the Bible was not an 
infallibly literal account of history. What really hurt about 
Darwin's theory can be seen from the kind of jokes that 
Punch made about it. There are of course no God in the 
Garden of Eden jokes; these would be considered blasphe- 
mous. But there are not even any of those cartoons where a 
wriggly, slimy trail by the beach changes into a series of 
footprints that finally walks away, fully human after a few 
metres. Those came in the 20th century. What the Victorians 
got was gorillas, gorillas and, after that, more gorillas. Du 
Chaillu's book on the wild gorilla, puUi^ed not long after the 
Origin of Species, aroused great mterest, and there they stalk 
through the pages of PuncH scaring the trousers off footmen, 
demanding to know "Am I a man and a brother?" 
What made these jokes so deeply and painfully humorous 

is obvious. Bishop Samuel Wilberforcc summed it up 

eloquently: "Man's derived supremacy over the earth; man's 
power of articulate speech; man's gift of reason; man's free- 
will and re^nsibility; man's M and man's redemption; the 
incarnation of the Eternal Son . . . —all are equally and utterly 
irreconcilable with the degrading notion of the brute origin of 
him who was created in the image of God ..." Who cares 
about the special creation of ten thousand species of round- 
worm? But where are we morally and spiritually if we are 
nothing more than smart gorillas? As one divine put it, it was 
revolting to think that our noble nature was nothing but the 
peifection of the malice of the ape. 

Natural selection stopped at the miiid 

But where did the noble part of our nature come from? 
What eternal feminine was leading us on high? Agnostic 
Huxley declined to invoke God. Alfred Russel Wallace, u ho 
embraced spiritualism later in life, was convinced that there 
were aspects of the human mind that simply could not be 
explained by natural selection, and hence that during our 
ascent something of the divine had entered into us. Indeed, 
how could natural selection explain a creature that often 
behaved with such moral fortitude and such disregard for its 
own individual survival? What gorilla would let itself be 
burned alive for the sake of denying that bread was flesh or 
flesh bread? What chimpanzee would sink in its thousands in 
tiie mud of Passdiendaele for Kaiser, King and country? 

And so it was until 1963 that one could without too much 
discomfort believe, even as a scientist, that Darwinism 
stopped at the human mind. Then Bill Hamilton took the 
stopper out. Like most zoologists, who feel uncomfortable 
writing about their own species, he dealt strictly with animals. 



He explained, in a principle now widely known as "kin 
selection", how they could evolve hmited forms of altruistic 
behaviour along stnctly Darwinian lines, so long as the altru- 
ism was not too self-sacrificing and was expended On a close 
enough relative. The new science of sociobiology was bom. 

Its first effect was to make animals look more human. But 
the corollary could not be escaped: the thesis could make us 
more animal. If apes were, after all, not that midicious, maybe 
what was noble in our nature really was a perfection of theirs. 

Twentieth-century man was as upset by the new attempts 
to link him to the animal as his Victorian ancestors had b^n 
by Darwin. It was the turn of £. O. Wilson and Richard 
EHiwkins to be denounced, not this time from the pulpit as 
atheists, but by radical movements as fascist sympathisers. A 
Harvard group denounced Wilson's work as being in the 
intellectui tradition of Adolf Hitler. Realising that this tactic 
was so manifestly unfair as to be counterproductive, the 
group has since modified its tone. British radicals failed to get 
this message; Nature recently published a statement pointedly 
asking British scientists with interests in sodobiology to 
dissociate themselves from the National Front 

Government by genes 

The radical opposition to the idea that sociobiological 
thinking can be appUed to certain aspects of human beha- 
viour, when it is unwrapped from its pohtical terminology, is 
the same concern that motivates the creationists. Monty 
White, a British bibUcal fundamentalist, put it beautifully in 
a BBC interview: "If you tell people they're animals, they'll 
behave like animals." That the "human" behaviour the 
creationists want to preserve is the very Kuche, Kinder, Kirche 
order of society that snciohiology's opponents want to tear 
down, adds an exquisite irony. When I find that radicals 
accuse sociobiologists (rf trying to abolish our free will in 
favour of genetic determinism— the idea that what we do is 
governed by our genes— I begin to suspect that we have a 
debate that is, at bottom, void and without form. 

But for a radical materialist, sociobiology is a spectre not 
readily laid. It has been too successful in explaining animal 
behaviour ever to be wiped off the intellectual map. What is 
needed is to get our own species out of the zoo again. Now 
many of us mieht feel that although some human behaviour 
might be basedin our animal past, much of it clearly is not 
There are no genes for making or inventing colour television 
sets or wearing digital watches, at least none over and above 
the genes that allow us to be inventive and imitative. There 
might be genes that push us, more or less, toward monogamy 
and the avoidance of close incest. Why this moderate view 
just will not go into the opposition's calendar can be under- 
stood from the following sentence from The Human Biogram 
by Lionel and Robin Fox: "We behave culturally, 
because it is m our nature to behave culturally, because 
natural selection has produced an animal that has to behave 
culturally, that has to invent rules, make myths, speak 
languages, and form men's clubs, in the same way that the 
bamadryas baboon has to form harems, adopt infants, and 
bite its wives on the neck." 

This treads on the toes of feminists (who needs men's 
dub^, rationalists ([who needs myths?), and anarchists (who 
needs rules?), and is largely hot air anyhow. But if we do 
admit that we may have innate capacities for language (which 
offends only Washoe-fans), we open a box of troubles. For 
those bits of our behaviour that are most likely to be 
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explicable in sociobiological 
terras are the very aspects of 
our own reproduction, family 
structure and defensive beha- 
viour with which the radicals 
are most concerned. Admit a 
genetic explanation for one 
behaviour, and you might 
find you've given hostages to 
fortune. Writers opposed to 
human sociobiology have 
therefore retreated firmly 
behind Sartre's dictum, 
"there is no such thing as 
human nature". 

This creates problems for 
them. If the human brain did 
really evolve, how did it 
manage to float free, like the 
breasts of Tiresias, from the 
old set of animal instincts? 
What Promethean god gave 
us the genes to free us from 
our genes? Stephen Gould, 
who has repeatedly urged the 
need to see man as essentially 
different from animals, and 
was one of the signatories of 
the "Hitler" statement about 
E. O. Wilson, has found the 
answer in the punctuated 
equilibrium theory. The 
crucial point of this theory is 
to deny Darwin's central syn- 
thesis: that adaptation and 
diversity have the same 
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"Come along. Don 't stand looking at that— which I call it shameful 
o' them prefane Darwinites! I don't believe it's a bit like Her!" 

Punch 1878 



causes. Diversity is generated non-adaptively by the compara- 
tively sudden origin of new species in some kind of evolution- 
ary "jerk". This smashes human sociobiology in two ways. 
First, as evolution is not always adaptive, it is useless to argue, 
as sociobiologists do, that certain human practices may have 
been bequeathed to us by a long history of natural selection. 
Secondly, if evolution is essentially discontinuous, it is futile 
to look for traces of our animal past. As Sir Edmund Leach, 
a staunch advocate of purely human humans, put it recently 
at the British Association meeting in York, a good biologist 
should now prefer the new theory of Gould to the neo- 
Darwinism of E. O. Wilson. 

But surely, you will say, such a debated scientific theory 
must be based on something better than this! Well, it is and 
it isn't. The original observations of Niles Eldredge, that fossil 
lineages tended to show very little change over very long 
periods and then to alter so rapidly that the intermediates 
were not detectable in the fossil record, introduced evolu- 
tionists to the idea that the fossil record, far from being so 
imperfect as to be useless, was actually telling us something 
about evolution. No one should belittle this: it is a real ad- 
vance in thinking. But the idea that evolution does not occur 
at a constant speed was not unfamiliar to neo-Darwinians, 
and is not a point of difference between them and the propon- 
ents of punctuated equilibrium. Neo-Darwinists believe that 
the periods of stasis are produced by "stabiUsing selection", 
an active maintenance of the status quo exerted by all species 
on each other once they have filled up all the ecological niches 
in a habitat. The rapid changes occur either when the physical 
environment alters, or when the extinction of a species 
empties an ecological niche, giving the surviving species a 
chance to move into it. We can show that most evolutionary 
changes of this kind will be accomplished within the 50 000 
years which punctuationists admit to being a geological 
microsecond. On these points there is simply no difference, 
except in terminology, between conventional neo-Darwinism 



and evolution in jerks. 

What distinguishes the rival 
theories is the punctuation- 
ists' belief that the jerks, first, 
are generated by some process 
different from adaptive evolu- 
tion and possibly still un- 
known; and secondly, that 
they always accompany the 
branching of the evolution- 
ary tree, the process known 
as cladogenic speciation. It is 
only these ideas that make 
the punctuated equilibrium 
theory "new" and "different" 
from the older theory. There 
is no good evidence for them: 
I am tempted to say no evi- 
dence at all. Of the essential 
jerk theory, one can say as 
Gould did of sociobiology, 
that it brings no new insights, 
and can cite on its behalf not 
a single unambiguous fact. 

The same situation has 
occurred at least once before 
in the history of evolution- 
ary theory: when geological 
stratigraphy made a literal 
interpretation both of the 
rocks and of the Bible in- 
creasingly difficult. Baron 
Geoi^es Cuvier invented his 
own theory of punctuated 
equihbrium. The world, he 
said, had been destroyed by a 



series of cataclysms which were recorded in the rocks. If one 
liked, one could believe that Genesis recorded the last of 
them. Cuvier's old catastrophe theory provided the same kind 
of philosophical reUef that can now be provided by Gould's 
new catastrophic theory. Without being too explicit, for no 
one could claim to understand what happened in a geological 
catastrophe any more than in a punctuational event, one 
could have one's cake and eat it. 

The point is not that the punctuated equilibrium theory is 
wrong. It might be right. The point is that despite its very poor 
scientific foundations it is attracting an enormous amount of 
attention. And as the Harvard radicals so cogently ai^ued in 
the case of race and IQ, when an essentially meretricious 
scientific theory causes such a fuss, we must look to quite 
non-scientific causes. In this case it is the role of the punc- 
tuated equilibrium theory in saving us from the beast within, 
who before he was du Chaillu's gorilla and Thomas Huxley's 
ravening wolf, was Caliban, and Beelzebub, and Seth. 

And would the author tell us what he thinks? I don't much 
like -ism-schisms: they usually turn out to be debates about the 
wrong thing. When Disraeli asked whether man w£is an ape or 
an angel, what mattered was that he considered no other possi- 
biUty, no middle way. A century earUer the schism would not 
have existed. I prefer Pope's description of our species: 

Placed on this isthmus of a middle state, 

A being darkly wise and rudely great . . . 

He hangs between; in doubt to act, or rest; 

In doubt to deem himself a god, or beast . . . 

Created half to rise and half to fall; 

Great lord of all things, yet a prey to all; 

Sole judge of truth, in endless error hurl'd; 

The glory, jest, and riddle of the world! □ 



Dr John Turner is reader in evolutionary genetics at the University of 

Leeds, and writes especially about the origins of mimicry in butterflies 
and the history of evolutionary theory in the 20th century. 
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REVIEW 



A SINGLE scene may yield 
many views— as many as 
there are observers. Yet 
all views may be true and none 
overlapping. Alan Turing's un- 
published lecture of 1947 to the 
London Mathematical Society 
(some telling excerpts are 
reproduced in this book) can 
now be inspected, with other 
Turing memorabilia, in King's 
College Library, Cambridge. A 
colleague of great eminence in 
the theory and methodology of 
computation recently wrote to 
me after reading the original 
typescript: ". . . incredibly accu- 
rate prediction about progress in 
logic and computational com- 
plexity". True. Yet before being 
shown this particular view, my 
own mind was mesmerised with 
the accuracy and prescience with 
which Turing laid out the prob- 
lem of automatically acquiring 
and organising knowledge, a 
topic central to today's study of 
artificial intelligence. 

So rich is the terrain revealed 
in this little-known lecture that 
those with other backgrounds 
will seize on other insights, for 
example into problems of 
computer design. But to have 
such topics pursued, expounded, 
and set in their context and in 
their time, must await a quite 
different book from the one that 
Dr Andrew Hodges has written. 

This reconstruction of Tur- 
ing's strange personality and 
consequential life is written by a 
mathematician. Yet this circum- 
stance is patently very far from 
the driving interest which 
impelled Hodges through the 
years of search and sifting, to 
piece together this marvellous 
and faithful collage. At rare 
moments in the narrative, 
contact is made with the tech- 
nicalities of Turing's profes- 
sional contributions. Thus 
Turing's establishment in the 
1930s of a formal basis for 
computation and decision, his 
advances made during the war in 
the methodology of uncertain 
inference, and his later analysis 
of problems of computer hard- 
ware design and of the logical 
strategy for future artificial 
intelligence research— all are 
embedded in the text, skilfully 
garlanded with anecdotes. 

The skill, though, is that of the 
novelist and the dramatist. 
During the occasional moments 
of technicality the book trips and 
stumbles more often than it 
should. This is not because the 
author could not have done the 
extra homework. Rather, we 
should ask ourselves why the 
reader should expect an author 
to have time and energy left, 



A loner, a misfit, a genius 

Alan Turing: The Enigma 

by Andrew Hodges, Hutchinson/Burnett, pp 587, £18 
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after pouring so much into his 
main theme. 

So what was the author's main 
task? How far has Hodges 
accomplished it? What was the 
absorbing interest which drove 
him through it? 

The main task was clearly to 
draw a living thread fi-om Alan 
Turing's childhood and school- 
days to his death by suicide at the 
age of 42, to interweave the 
thread through the patterns of 
the central character's private 
life and public acheivement, and 
in so doing to recreate the 
personality and emotional odys- 
sey of one of the intellectual 
movers of our world. 

Andrew Hodges never met 
Turing. Yet he succeeds aston- 
ishingly. Those of us who knew 
Alan Turing instantly recognise 
their one-time colleague in now 
delightful, now painful detail. It 
is all here— the irritating quirks 
and the funny ones, the inde- 
structible stamina of the long- 
distance loner, the volcanic 
capacity for fun of the nihilist, 
the simplicities of the eternal 
schoolboy, the readiness to 
attack bare-handed any problem 
which offered the remotest 
chance of reducibilty by reason. 

The reviewer who does not 
pluck out for display at least one 
good story cheats his readership. 
So here is Peter Hilton's account 
of the occasion when Turing, 
employed as a civilian cryptana- 
lyst at Bletchley Park, was en- 
listed in the Home Guard. Alan 

(had to complete a form, and one of 
the questions on this form was: "Do 
you understand that by enrolling in 
the Home Guard you place yourself 



liable to military law?" Well, Turing, 
absolutely characteristically, said: 
"There can be no conceivable 
advantage in answering this ques- 
tion 'Yes'," and therefore he 
answered it "No". And of course he 
was duly enrolled, because people 
only look to see that these things are 
signed at the bottom. And so ... he 
went through the training, and 
became a first class shot. Having 
become a first class shot he had no 
further use for the Home Guard. So 
he ceased to attend parades. 

And then in particular we were 
approaching a time when the danger 
of a German invasion was receding 
and so Turing wanted to get on to 
other and better things. But of 
course the reports that he was 
missing on parade were constantly 
being relayed back to Headquarters 
and the officer commanding the 
Home Guard eventually summoned 
Turing to explain his repeated 
absence. It was a Colonel Fill- 
ingham, I remember him very well, 
because he became absolutely 
apopletic in situations of this kind. 

This was perhaps the worst that he 
had had to deal with, because Turing 
went along and when asked why he 
had not been attending parades he 
explained it was because he was now 
an excellent shot and that was why 
he had joined. And Fillingham said 
"But it is not up to you whether you 
attend parades or not. When you are 
called on parade, it is your duty as a 
soldier to attend." And Turing said, 
"But I am not a soldier." Fillingham: 
"What do you mean, you are not a 
soldier! You are under military law!" 
And Turing: "You know, I rather 
thought this sort of situation could 
arise," and to Fillingham he said: "I 
don't know I am under military 
law." 

Anyway, to cut a long story short, 
Turing said, "If you look at my form 
you will see that I proterted myself 
against this sitiution." And so, of 



course they got the form; they could 
not touch him; he had been 
improperly enrolled. So all they 
could do was to declare that he was 
not a member of the Home Guard. 
Of course that suited him perfectly. 
It was quite characteristic of him. 
And it was not being clever. It was 
just taking this form, taking it at its 
face value and deciding what was the 
optimal strategy if you had to 
complete a form of this kind. So 
much Uke the man all the way 
through. 9 

The habit of forceful deri- 
vation from a few simple prin- 
ciples tends to be upsetting to 
the "normal" world, based as it 
is on the companionable blurr- 
ing of distinctions, on the tactful 
avoidance of literalness and on 
respect for tribal gods. Turing 
was not unaware of the 
tendency to upset, as can be 
surmised from Hilton's anec- 
dote and from much else in 
Hodges's book. In my view 
Peter Hilton's summing up, "So 
much like the man all the way 
through", should be taken 
further even than Hilton 
perhaps intended. Much of 
Turing's working method and 
intellectual style, not just his 
day-to-day doings, could be 
characterised as destructive of 
tradition, assertive of the self- 
reliant self 

Here was a man capable of 
rediscovering from scratch 
Gauss's central limit theorem, 
leaving the fellows of King's 
puzzled as to whether to elect 
the fellowship candidate for 
originality or to reject him for 
ignorance. What other kind of 
man could arrive at the famous 
decidability result by means of 
so bizarre and childish-looking a 
construction as the Univereal 
Turing Machine? 




Turing, the long-distance runner 
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Postgraduates still struggle 



How the PhD Came to Britain 
by Renate Simpson, SRHE*, pp 204, £9.75 
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When Turing (far right in 
inset) came to Manchester in 
1948. it was someone else's 
"baby" that he had to make 
work 



Turing's remarkable treat- 
ment, so far from mainstream 
styles, must have jarred on well- 
dressed minds. Yet it was this 
work above all, in setting the 
logical base to all that 
computation has become, which 
opened a new age to mankind. 
Today we recognise this new 
beginning as the dawn of a 
second industrial revolution, 
more profound than the first. 

So we now ask what imparted 
and maintained the impetus of 
this biography. In the author's 
note at the end, Hodges writes: 
"... in 1973 the name of Alan 
Turing impressed itself on me 
again, this time through another 
compartment of my life. I was 
then a member of a group that 
had formed within the London 
Gay Liberation Front . . . One of 
the other members, David 
Hutter, had heard something of 
the end of the Turing story from 
Nick Furbank ..." 

Alan Turing was a homo- 
sexual. His suicide in 1 954 was 
preceded by incidents in which 
he had been caught on the 
wrong side of legislation which 
by today's standards was irra- 
tional and oppressive. Hodge's 
own passionate convictions on 
the subject have set the pace, 
motivation and interpretative 
tone of his book. Towards the 
end this motif intensifies, and I 
would say distorts. Turing was 
certainly both agitated and 
depressed by the unnerving fix 
that he had got into, as I remem- 
ber from a talk with him at the 
time. But my feeling is that a 
deeper factor was at work in less- 
ening his will to live. 

I believe that growing concern 
that the wellspring of creative 
capacity in himself might be 
drying up was the key: the rest 
were triggering factors. Such 



apprehensions are by no means 
confined in life's middle years to 
those who are actually endowed, 
as was Turing, with creative cap- 
acity. Nor do these dark nights 
of the soul necessarily lead to 
suicide. But for Alan Turing, the 
fall-backs to prepared positions 
—socially contributory hack 
work, family life, easy compan- 
ionship and relaxed friendships 
—where re-grouping can be 
achieved for some new stable 
niche or pour mieux sauter, 
these positions did not exist. So 
the edge of the abyss was always 
a little nearer than for that class 
of humanity described by 
Gibbon as "decent easy men". 

Hodge's theme is the social 
deviant crucified. Over against 
the victim stands society's 
organised mediocrity. As the 
story moves to its tragic finale, 
CIA and MIS persecutors are 
thrown in to swell the ranks of 
the Pharisees. At times the 
theme leads the biographer into 
speculative flights, far beyond 
the bounds of ascertainable fact. 

This of course is a pity, and if 
it were so of a lesser book it 
would be a serious flaw. But to 
prevail against the magnitude of 
the task which Hodges took on 
required su[>cmormal intensity 
and dedication. I believe that the 
passion of a cause was the neces- 
sary fuel, and now that he has 
succeeded against the odds it 
does not seem appropriate to 
complain. A dozen pettifogging 
chronicles and scholarly exer- 
cises in factology could have 
been written, perhaps more 
accurate and certainly more 
balanced. But they would have 
been of little use compared with 
this gift of Andrew Hodges. 

This is not a book to be 
argued about. It is a book to be 
read. □ 



POSTGRADUATE educa- 
tion in this country is slip- 
ping badly. Increased fees 
reduce the numbers of overseas 
students; cutbacks hit research 
grants and facilities; research 
councils have attacked the 
numbers of students failing to 
complete their theses; and 
perhaps most important of all, 
there is the lack of jobs at the 
end. AH have badly mauled this 
once presti^ous institution. 

We can either blame it all on 
the economy, or take a more 
personal swipe at students 
unsuited to postgraduate work, 
or maybe lecturers with a some- 
what lackadaisical attitude. 
Certainly the research councils 
take the matter seriously; one 
council has even issued guide- 
lines to its lecturers and post- 
graduates on how to get on with 
one another and the research 
project. Fresh opportunities, 
and particularly money, have 
been sought together with 
stronger collaboration with 
industry; but we might well ask 
what is the whole purpose of a 
PhD— is it something of a 
museum piece, and what was it 
originally intended for? 

The answers partly lie in the 
agonisingly protracted birth of 
the British PhD, revealed in this 
publication — which is itself a 
masterpiece of research (one key 
source of information at the 
Universities Bureau of the 
British Empire in London was 
bombed to destruction in 1940). 

The story is a sorry tale of 
almost complete indifference to 
science research both in parlia- 
ment and the establishment as a 
whole. 

The PhD epitomised science 
research as a whole, and in 1 9th- 
century Britain it seemed trifling 
when the Empire could appar- 
ently fiinction perfectly well on 
abundant cheap labour and 
materials. Never mind that the 
German universities were forg- 
ing ahead with wcll-ot:^nis«K] 
saence teaching and vigorous 




research, and had introduced 
their PhD in the early part of the 
19th century. 

Meanwhile Oxford and 
Cambridge were moribund in 
an antique college system, and 
serious science graduates turned 
instead to the German univer- 
sities for their PhD research. On 
their return home these in- 
vigorated postdoctorates fought 
hard for the sort of facilities they 
had come to expect, and pres- 
sured parliament along with a 
powerftil group of science poli- 
ticians based in London. Even- 
tually their influence led to a 
boom in new universities across 
the country towards the end of 
the 19th century: but still there 
was no British PhD. 

The crunch came during the 
opening of the First World 
War, when Germany cultivated 
political influence in neutral 
America by corresponding with 
its old postdoctorates, many of 
whom were in positions of some 
political power. Meanwhile, 
how long could Britain hold the 
hearts and minds of its own 
colonies as they sent over 
hundreds of thousands of men 
to fight for King and Empire? 
And at home, as the drive for 
self-sufficiency got under way, it 
was becoming embarrassingly 
clear how much industry had 
come to depend on German 
know-how. 

So the British PhD was bom 
out of political expediency, the 
essence of which has changed 
precious little since. Certainly a 
historical perspective is crucial 
to understanding the birth of the 
PhD, and a more general histori- 
cal background would have 
helped throughout the book. 
Simpson is most at home with 
meticulous documentation of 
the events most closely associ- 
ated with the PhD, but the 
relentless catalogue of meetings, 
papers, people and institutions 
made my head spin. Never- 
theless, this is an invaluable 
academic companion to The 
Highest Education by Ernest 
Rudd (Routledge, 1975), in 
which Simpson collaborated, 
and which gives a detailed 
insight into the state of 
modem postgraduate study in 
Britain. 

The value of the PhD to both 
science and countiy as a whole 
should not be forgotten in 
today's depressing climate. □ 

'Society for Research into Higher 
Education, University of Surrey, Guild- 
ford, Surrey GU2 5XH. Publication 
costs SRHE members £6.50. 
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THE GREEKS were the 
founding fathers of science. 
It was they who rejected the 
cosmos as the battleground of 
the gods, and formulated 
the idea of Nature — orderly, 
harmonious, governed by laws; 
they who had faith in man's 
power to understand Nature by 
reason, probing it with obser- 
vation and experiment, and 
writing down their ideas system- 
atically; they who laid the foun- 
dations of matter theory, geome- 
try, astronomy, natural history 
and medicine. And all this, stan- 
dard histories tell us, was the 
achievement of a handful of 
towering geniuses: Hippocrates, 
Pythagoras, Aristotle, Euclid, 
Archimedes etc. 

Geoffrey Lloyd doesn't want 
to topple these giants. But he 
contends there are other stories 
to be told about Greek science, 
and the fascination of his book 
lies in posing the questions so 
often passed over. Great 
scientists don't operate in a 
vacuum. What then were the 
intellectual matrices of Greek 
science? What were the relations 
between science — objective and 
rational — and what did the 
average illiterate Greek think 
about plants, animals, diseases, 
life? What did the scientists 
learn from bearers of vernacular 
knowledge such as root- 
gatherers and midwivcs? 

The links were rich and 
varied. In some cases, naturaUsts 



Stories from Ancient Greek 



Science, FolUore and Ideology 
by G. E. R. Lloyd, Cambridge UP, pp 260, £25, pbk £8-95 



Roy Porter 




simply incorporated folklore 
without question. Thus 
Theophrastus warns we mustn't 
gather a certain herb in daylight, 
or woodpeckers will peck out 
our eyes. In other cases, 
scientists scoffed at the igno- 
rance of the hoi poUoi. With his 
superior insight mto taxonomy, 
Aristotle revealed the whale was 
not a fish. Whatever super- 
stitious midwives might say, 
don't cut the umbiUcal cord 



with a crust of bread, orders 
the physician Soranus: use a 
knife. 

Yet very frequently Greek 
science rationalised popular pre- 
judice. Aristotle "proved" that 
brutes were defective humans, 
and women were mutilated 
males. Such views — anthro- 
pocentric and misogynistic — 
had been the traditional gut feel- 
ings of Greek men. But Aristotle 
gave them a scientific cogency 



that lasted for millennia. 

So Greek science built on 
folklore in complicated ways. In 
some cases the dawn of science 
brought open-mindedness. As 
Lloyd points out, with the 
Greeks, every theory had its 
counter-theory. Because invest- 
igators didn't hold pubUc office, 
and there were no research insti- 
tutes, science was a bit like 
Speaker's Comer. Though this 
very diversity could itself have 
drawbacks. For example, the 
Greeks never imposed a stan- 
dard nomenclature in botany or 
anatomy. In fields like pharma- 
cology, confusion over terms 
remained a bugbear. Yet in 
other cases, fossihsation was the 
danger. Once written down, 
scientific opinion acquired an 
odour of sanctity, which could 
stifle inquiry. Why was the 
Roman naturalist Pliny inferior 
to his Greek predecessors? 
Because he'd become an 
armchair scholar, resting on the 
laurels of his library rather 
than going out and seeing for 
himself. 

We are aU used to thinking of 
Robert Hooke down amongst 
the lens-grinders and of Charles 
Darwin learning from pigeon 
fanciers. The merit of Geoffrey 
Lloyd's book lies in helping us to 
see Greek science in the same 
way. And, planted firmly within 
their own culture, the great 
names themselves come alive in 



a new way. 



□ 



TS THERE any real dif- 
A ference between mathematics 
and science? The conventional 
answer is that whereas science 
deals with truths about the 
world, mathematics deals with 
truths about some abstract 
realm; and that whereas today's 
truths of science are likely to be 
consigned to tomorrow's grave- 
yard, the truths of mathematics 
are timeless. 

Some philosophers have 
taken a different view. John 
Stuart Mill proposed that 
mathematics is a natural science 
no different from others. His 
rather crude attempts to show 
that, for example, we know that 
2 + 2=4 because we observe 
that combining two groups of 
two bricks gives us four bricks, 
were ridiculed by more mathe- 
matically sophisticated philo- 
sophers. 

Yet, in recent decades. Mill's 
position has gained respect- 
ability again. In The Nature of 
Mathematical Knowledge, 
Philip Kitcher takes on the 
mantle of Mill and sets out to 
provide the first fiilly articulated 
empiricist theory of mathe- 
matics. He begins by tracing the 
knowledge of individuals to the 
knowledge of their commu- 
nities, and in particular to the 
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mathematical authorities in 
those communities. The know- 
ledge of those authorities he 
grounds in the knowledge of 
earUer authorities. The chain is 
ultimately grounded in rudi- 
mentary knowledge acquired by 
our remote ancestors through 
ordinary sense perception — by 
manipulating the world and 
observing those manipulations. 
The vast panorama of modem 
mathematics has grown firom 
humble roots in elementary 
truths of arithmetic and geo- 
metry derived from practical 
experience. 

Though philosphers might 
throw up their hands in despair, 
most people would see little 
controversial in Kitcher's thesis. 
After all, as infants we all started 
off with building blocks (prac- 
tical experience) and endal our 
mathematical journey when we 
became incapable of ingesting 
the information offered by 
teachers (community author- 
ities). Indeed, Kitcher mi^t 
well have profited by buttressing 



his historical arguments with the 
work of psychologists interested 
in the way that mathematical 
knowledge is generated in the 
infant. 

Kitcher's view is that mathe- 
matics consists in idealised 
theories of ways in which we can 
operate on the world. Obviously 
the question of how mathe- 
matics grows occupies much of 
the book. Here Kitcher sees his 
task as showing how mathe- 
matics can be integrated within 
a general account of rational 
inference (which would apply 
equally well to the growth of 
scientific knowledge). Briefly, 
great innovators adopt a 
practice based on a rational 
transition from traditional 
practice. 

Kitcher explores an area 
largely avoided by philosophers 
(with the notable exception of 
Imre Lakatos). The language 
and symbolism of mathematics, 
the nature and standards of what 
constitute a valid proof, even the 
type of questions which are seen 



as important, all change over 
historical epochs. The book 
closes with a historical case 
Study — the development of 
analysis from Newton and 
Leibnitz to the beginning of the 
20th century — in which we can 
see these factors at work. 
Kitcher argues that mathematics 
often develops quite rationally, 
through non-rigorous responses 
to interesting problems whether 
practical or theoretical. Histori- 
cally this would seem to be fully 
justified and it brings mathe- 
matics into Une with recent 
thinking on the development of 
science. 

The Nature of Mathematical 
Knowledge has an important 
role, both in stimulating further 
work on empiricist theories of 
mathematics and as a target for 
the attacks of hostile philosphers 
(indeed much of the book is 
taken up in an attempt to fore- 
see and rebut these attacks). 
Whatever the outcome it 
provides a valuable altemative 
way of looking at mathematics. 
Only by looking at mathematics 
f^om as many different angles 
as possible can we see features 
that are hidden from any 
one perspective, and begin to 
appreciate its richness and 
diversity. □ 
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Don't panic— it's only stellar evolution 



100 Billion Suns: The Birth, Life and Death of the Stars 
by Rudolf Kippentaahn, Weidenfeld & Nicolson. pp 264, £15 



Ian Robson 



WHEN a package arrives 
from a magazine with a 
book to be reviewed, I always 
hope it will be a book which I 
TeiOy want to read. When I 
looked at the tiae of this book 
and read the accompanying 
letter fh>m our worthy review 
editor, I inwardly groaned. A 
quick skim through the book 
reinforced my first impression. 
Therefore, when I say that I 
thoroughly enjoyed reading it, 
and spent much more time than 
I originally intended, then the 
reader will need to believe that 
this book is something out of the 
ordinary. 

Something special it is: a book 
on a complex subject, stellar 
evolution, presented for the 
layperson. I am well aware that 
there are numerous books on 
the market which present 
astronomy for the layperson— I 
have a shelf full of them— but 
this book is very difTetent. 
Rather than cover astronomy 
from Stonehenge to 2001, 
Rudolf Kippenhahn sticks to 
one topic and covers it compre- 
hensively. The uniqueness lies 
not in how the book is 
oiganised; this is quite 
conventional. The special char- 
acter is given by the author 
himsdf 

Obviously a master of the 
subject, having spent a lifetime 
of research in the field, he 
presents the subject to a lay 
audience in words which people 
can readily understand. Those 
of us who give lectures and talks 
to all types of audiences ranging 
from the local Women's Insti- 
tute to the Brewers and Allied 
Workers (research seminars fall 
somewhere in between), know 
that the biggest problem is the 
jargon. Not only the very 
sf)ecialised jargon we use but the 
common terms in physics which 
are equally as baffling to a 
lay audience. In overcoming 
this communication barrier, 
Kippenhahn is a master. 

I suspect that many of my 
professional colleagues will 
loathe the book for such phrases 
as [the photons] "are swallowed 
and after a while are again 
discharged" when describing 
radiation transport within a stel- 
lar atmosphere. But a lay audi- 
ence will know just what the 
author means when he describes 
the process as such. No matter 
that we really need talk about 
pressure gradients, the use of 
very simple language and 
illustrations will get the 
fiudamental message of stellar 



stability across. Another exam- 
ple is to be found in the sentence 
"In many stars matter b^ns to 
seethe when radiation fiuls to do 
its job, and convection must 
take over the transfer of energy". 
Great stuff, and if this conveys 
the feeling of what is going on 
then the book is for you. 

1 wonder how many of us 
professionals could read this 
book and honestly say we knew 
everylhing contained therein. 1 
make no apology when I say that 
there were some points which 
had been hazy in my mind and 
which the book clarified. I also 
learned some interesting history 
because Kippenhahn frequently 
relates discoveries to people and 
man\ of today's leading astrono- 
mers get worthy mentions. 

The text is presented in rela- 
tively large print with wide 
spaces between lines, almost like 
the "Don't panic" written across 
the face of another well-known 
book. Line drawings abound 
in plenty and are clear if 
not outstanding in their 
presentation. The whole book 
suffers from this lack of ^ossy 
approach and at £1S it is not 
cheap. If it were in paperback I 
wouU insist that all my degree 
students buy it as badcground 
reading for their diiid-year stel- 
lar evolution course. If they 
understand all the physical 
concepts and interrelations pre- 
sented in the book, their grasp 
of stellar evolution will be 
excellent. 

There are few photographs 
but five colour plates add a 
touch of gloss. The spelling is 
mostly American as against 
English, although the preface 
insists this is an English trans- 
lation of the original 1980 
German edition. The author 
does not promise the book is 
completely up to date in the 
field (and it is not), but what 
matter? With the author's ability 
to discuss the nitty-gritty of 
key points of stellar evolution, 
the text does not need to have 
every last experiment or 
computer calculation included 
—and is probably the better 
for it. 

By concentrating on the key 
issues in a well defined but light 
hearted style, Kippenhahn has 
produced an excellent and most 
readable book which I 
thoroughly enjoyed despite 
initial mi^vings. Come on all 
you amateurs or armchair 
enthusiasts out ther^ read it 
and enjoy astrophysics as it 
really is. □ 
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Making fun of genetics 




IN THE beginning (or at least, 
the one I saw) was Rius's witty 
cartoon guide to the history of 
Cuba, from colonialism to 
Castro. It was clearly a winning 
streak, and cartoon beginners' 
books are springing up all over; 
the route map at the back of 
DNA for Beginners lists titles 
ranging from sex and atheism to 
the mafia and Wagner, from the 
Communist Manifesto to 
Einstein. And successful inno- 
vations obviously spread, 
though it is not clear whether the 
Gonick and Wheelis Cartoon 
Guide to Genetics is itself the 
forerunner of a whole new series 
by a different publisher. 

Such books, to work, must 
fulfil a number of criteria. First, 
they must choose a field of 
major conceptual or historical 
importance, not merely to 
specialists but to a wider 
audience. Secondly, they must 
illustrate both its internal 
content and wider relevance in a 
way that makes it transparently 
accessible. And thirdly, they 
must achieve this by a combina- 




A Philosophical 
Dictionary of Biology 

P.B. andJ.S. Medawar 



'The Medawars manage to present 
their readers, biologists or not, 
with a thoroughly incisive and 
level-headed treatment of how- 
practising biological scientists 

think and what they think about'. 
Times Hiffber Education Supplement 

'. . . a riproaring book that should 
be on the shelves ofall who wish 
to understand the processes and 

origins of life'. 

Bai/i Telegraph 
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The Cartoon Guide to Genetics 
by L. Gonick and M. Wheelis, Harper & Row, pp 214, £3 95 pbk 
DNA For Beginners 
by Israel Rosenfield, Edward Ziff and Borin van Loon 
Writers and Readers, pp 224, £3 -95 pbk 



Steven Rose 
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tion of pared-down text and 
witty drawings. How well do 
these texts match up? 

Clearly the theme of genetics 
—ranging from why our own 
children resemble/differ from us 
to genetic engineering, from 
practical farm breeding to the 
arcane recombinant laborato- 
ries, and with a history of at least 
a century of intense scientific, 
philosophical and ethical con- 
troversy—is ideal. But it is a 
subject full of complexity. 
Traditional genetics teaching 
starts from Gregor Mendel, 
takes us through cytogenetics to 
the DNA code, and then merges 
with molecular biology. It 
makes uneasy branches out to 
population and developmental 
genetics, and may or may 
not take on a bit of "socially 
responsible" history, from 
tut-tutting about Lysenko to 
fretting about the genetics of 
behaviour and the ethics of 
cloning. 

The problems with this 
approach are that the different 
branches of genetics fail to 
become integrated, and the most 
interesting questions, such as 
those of development, receive 
short shrift. If Mendel's laws are 
made the starting point, as they 
are in at least most basic courses, 
then the fact that they are excep- 



tional special cases and that 
most phenotjfpic traits are not 
transmitted in a Mendelian 
manner becomes a painfully 
difficult stumbling block. And if 
molecular biology and DNA are 
the starting pomts then the 
complexities of developmental 
and population approaches are 
likely to suffer from a naive 




WAS TO 6^0W 
THAT TMe PM A 

slA^e& OF A Ha~/x 

WlTtv TWD op. TrtPEe 
avMH&.. . 

^OT W/\6 IT TWO 



reductionism. Beginning with 
the relationship of genotype to 
phenotype, ontogenesis and the 
norm of reaction, makes for 
much more coherent under- 
standing. 

In fact, both these books are 
quite orthodox in their 
approach. Larry Gonick and 
Mark Wheelis take us on a quick 
romp through Jacob's biblical 
sheep-breeding practices and 
Mendel to one-gene-one- 
enzyme, DNA, recombinants 
and, finally, biotechnology as 
big business. The drawings are 
often good fiin and even 
instructive. If you can't learn 
MendeUan genetics from this 
text, I guess you never will. 

There are one or two inexcus- 
able puns (amino acids for 
example, are said to be "not 
named after Idi Amin", which 
irrelevancy provides the motif 
for various irrelevant sketches of 
a Black dictator figure with 
bubbles coming from his 
mouth). The only female 
scientist to appear in the history 
is Rosalind Franklin (of course), 
and all cartoon scientists are 
male. The authors avoid any 
tricky conceptual problems in 
what is generally a triumphalist 
account, and end with a brief 
look at some of the new ethical 
issues raised by biotechnology. 
Recommended, therefore, for 
biology school students and 
medics at any level. 

Rosenfield, Ziff and van Loon 
compress Mendel and get to 
DNA by pa^e 30, and the rest of 
the book is a very detailed 
account of modem molecular 
biology. By page 200 their 
cartooning capacity has run out 
and they are reduced to a text 
postscript on problems of 
evolution and the role of introns 
in the causation of cancer. 
Between pages 30 and 200 there 
are some recognisable carica- 
tures of the founding fathers 
(plus RosaUnd Franklin) of 
molecular biology and a detailed 
pictographic account of key 
experiments which I would 
guess are very far from compre- 
hensible to beginners. Apart 
from Franklin back-to-back 
with Maurice Wilkins, the only 
females to appear are some 
totally irrelevant and offensive 
soft-pom nudes. A fun book 
for male chauvinist postgrad 
molecular geneticists, this one, 
and a sad comedown for that 
generally excellent little pubUsh- 
ing house, Writers and Readers. 
Pity. □ 
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ANY foreigners sharing the 
- reputedly common impres- 
sion that the British have a 
strong masochistic streak, would 
surely have their suspicions 
confirmed should they study the 
television schedules over any 
six-month period. Channels 
may differ over what is suitable 
fare in current affairs, drama, 
entertainment, or sport, but 
they are one in their belief that 
we are hooked on medical 
programmes. 

These come thick and fast and 
in several forms. BBCl's Medi- 
cal Express (1 February ) is of 
the amiable type. You don't feel 
you should scrub up for it or 
adjust your political attitudes. It 
gives tips about this and that, 
and reassures and cautions. The 
presentation is chummy: first 
names and, in this programme, 
a Uttle fruit, were tossed about. 

We watched Barry Norman, 
he of Film 84, being acu- 
punctured to stop him smoking 
(a progress report will follow); 
heard from Dr Michael 
O'Donnell about the decrease in 
strokes, just who is Ukely to get 
them (the unskilled, particularly 
in the North and Scotland), 
and of the theory of some 
Cambridge doctors that eating 
fruit has made and can make the 
difference. Dr O'Donnell was 
tossed some to make the point. 



Scrub up for masochism 



There was also an 
item about what to 
do when faced with a 
road accident; a con- 
structive piece of 
film about a Derby- 
shire coahtion of the 
disabled designed to 

increase their inde- 

pendence; and, lastly, 
Dr O'Donnell a^n on measles. 
It is a good httle series and 
knows what it is doing. 

BBC2's Your Life in Their 
Hands began a new series (31 
January). This tends to be a 
scrub-up programme which will 
be most helpful, because of its 
concentration on surgical detail 
and plumbing, to advanced 
medic^ students and practising 
surgeons. 

The first programme must 
have been something of a coup 
for it concerned a uver trans- 
plant performed by Professor 
Roy Calne and his team at the 
New Addenbrooke's Hospital, 
Cambridge. Produced by Henry 
Campion, it chronicled im- 
mense slall and dedication by 
the professor and his team, 
immense courage from patient 
Susan Smith, and evidenced 
considerable filming technique. 

Mrs Smith, who is 37, with, as 



far as could be 
predicted, only 18 
mmrnmsj/g^ig'^Xt months to live, 
ilMaMIBiBiJ^ plumped for a trans- 
^■^^■■^■■■■■■H plant, which has only 
^SSSSSSSIS 3 ^0 per cent chance 
^^^^^^^^■■J of succeeding. 

Her first prepara- 
Dennis Hackett tion was in vain. It 
was discovered that 
the donor liver, which has to be 
transplanted within eight hours 
of removal, had, in the fight 
for Ufe, received blood that 
would have proved inimical to 
her. 

The second attempt pro- 
ceeded and we followed it in 
great detail. Subsequently there 
were complex and painful 
setbacks. Mrs Smith was moved 
firom Cambridge to King's 
College Hospital, London, 
which specialises in medical care 
for transplant patients. King's 
couldn't help, and Mrs Smith 
returned to Cambridge for 
further surgery which basically 
put her back to square one. ^ 
Happily this operation removed | 
the complications and she wasf 
able to return to King's for the i 
follow-up treatment. 1 
The time scale in all this was z 
some four months. Mrs Smith is 
now on an optimistic course. 



She said that it had been harder 
than she had expected but that 
she and her husband had been 
sustained by their Christian faith 
and by the realisation of the 
absolute dedication of those 
trying to help her to Ufe. 

It was her dilemma and that 
of her husband which engaged 
my attention rather than the 
complications of fine stitching 
and surgical technology. Im- 
pressive though these are, I feel 
we get too much of it. I would 
sooner have heard more from 
Susan Smith. 

We are, after all, more Ukely 
to be patients than budding 
surgeons: television in its admir- 
ation for surgical techniques and 
its own would do weU to 
remember that. n 




Patients are more interesting than 
their treatment 
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WELCOME to Charm 
City (Baltimore. Mary- 
land, to the uninitiated). 
When Washington DC was little 
more than a ghetto built over a 
swamp, neighbouring Baltimore 
was a thriving port city, secure 
in its southern origins and 
eastern industriousness. But 
Baltimore deteriorated, and for 
decades the name "Charm City" 
smacked of irony. 

Now, Baltimore has emerged 
from the gloom of urban decay. 
Not only is its harbour enjoying 
a commercial renaissance, it has 
also become the setting in which 
the city presents science to the 
public. From one end of the 
inner harbour beckons the 
Maryland Science Center {New 
Scientist. 15 December, p 824); 
from the other, a paradise for 
worshippers of the piscine: the 
National Aquarium in Balti- 
more. 

Not to be confused with the 
National Aquarium, cleverly 
hidden in the basement of the 
Commerce Department in 
Washington, Baltimore's 
National Aquarium is a clean- 
edged, multi-levelled structure, 
built of concrete, glass, Yankee 
ingenuity and enterprise in the 
public interest. The aquarium is 
a prime example of America's 
prescription for bringing science 
museums to Ufe— delight, excite, 
enthral. Out with ornamental 
collections, in with thematic 
exhibits. 

This aquarium promises (and 
delivers) much more than a 
chance to see kissing gouramis 
and the mandatory shark or two. 
"Through a combination of 
recreation and education," its 
brochure states, "the aquarium 
is committed to making known 
the unity of life through water." 
Back when the harbour 
belonged to sailors and wharf 
rats, none but the whimsical saw 
in its waters a symbol of unity 
for the biosphere. Now the 
miracle of redevelopment has 



Down on the waterfront 

Nancy Heneson visits the aquarium that promises more than 
a chance to see kissing gouramis. Marketed as entertainment, 
but with education thrown in, it is a paradise for worshippers 
of the piscine 




cleansed the harbour and lined it 
with fancy shops and eateries, 
the familiar temples to con- 
sumption. Situating the aquar- 
ium on the waterfront not only 
makes commercial sense, it 
brings home a theme. 

The theme obviously works. 
Since its opening in August 
1981, the aquarium has edified 
and entertained more than 3; 
million visitors. 

The aquarium is not really 
about fish. It is a journey 
through the concept of eco- 
systems, enlivened by displays 
of the strange and the common- 
place inhabitants of those 
systems. The flow of exhibits 
parallels the architecture and 
interior design of the building— 
as visitors ascend to the upper 
levels they move schematically 
from an upland pond to the 
North Atlantic, on to the Pacific 
and to an Amazonian rainforest. 
Then, from the rainforests, a 
steamy, glass-enclosed pyramid 
stocked with jungle flora, they 
descend a central ramp 
surrounded by a circular tank 



filled with typical species of an 
Atlantic coral reef 

The aquarium celebrates 
diversity in nature, lining an 
entire wall with backlit photo- 
graphic portraits of the many 
shapes and sizes of fishes' fins 
and eyes. Skeletons of marine 
vertebrates are slung from the 
ceiling to divert the visitor's 
attention, perhaps, from the 
architecture of the building 
to the architecture of living 
things. 

Most of the live exhibits are in 
nooks created by the display 
itself and lighted panels on each 
side, which discuss the biology 
and ecology of the creatures 
represented. Somehow the text 
of the panels manages to be 
copious without being boring, 
informative without being 
didactic. Maybe it's the atmo- 
sphere: dimly ht common areas 
punctuated by these bright 
nooks; subtle but insistent sea 
sounds emanating from strategi- 
cally placed speakers. It's 
mysterious and calm, as one 
imagines the deep to be. As far 



from the tank-rock-fish idea of 
an aquarium as state-of-the-art 
design permits. 

Whatever the secret of its 
success, the aquarium's educa- 
tional function is not left to 
chance. The curator of educa- 
tion, David Pittinger, is proud of 
his staff of 300 volunteers, who 
work as exhibit guides, lecturers 
or teachers of the many courses 
(coral reef biology is a winner, 
home aquarium maintenance a 
dud). Pittinger thinks that 
education and entertainment 
can be contained in one experi- 
ence. The aquarium is marketed 
as entertainment, a chance to 
view exotica from the sea, but 
the visitors get "le^timate 
education" in the bargain. This 
is not the case with other types 
of aquaria, maintains Pittinger. 
Alluding to the orcan whale that 
is the star attraction at Seaworld 
in San Diego, California, he 
says: "This is no 'Shamu Goes to 
Washington'." The reference is 
telling. Seaworld sells itself to 
the public as a centre for 
marine mammal research while 
promoting a circus-like notion 
of entertainment; the aquarium 
converted a planned research 
wing into extra space for the 
education department. 

Ultimately, the visitor decides 
what to take away from the 
Baltimore aquarium or any 
other public exhibition. The 
aquarium makes no tiresome 
statements about the impor- 
tance of human contact with the 
"natural world" (whatever that 
means) in this age of tech- 
nocracy, but somehow the 
message gets through. 

The sheer degree of diversity 
that characterises the denizens 
of the Baltimore aquarium, and 
its emphasis on the complex 
interactions of biological and 
physical life, remind its human 
visitors to reflect a moment 
before they pop the ten-billionth 
McDonald's hamburger into 
their collective mouth. □ 




Morty, the grey seal, has five harbour seals in his outdoor pool to help him 
entertain the visitors to the aquarium 



A clownfish takes refuge in an anemone. One of 11 theme displays, this one 
shows how animals adapt to survive to life under water 
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New man in the hot seat 



Roger Milne talks with the chairman of the Radioactive Waste Management Advisory Committee 



PROFESSOR PAUL 
MATTHEWS is very 
much the image of the 
theoretical physicist— ever so 
slightly detached, as if elemen- 
tary particles are in permanent 
orbit in his cerebral cortex. 
During a distinguished career 
as a physicist, he has worked in 
Britain and the United States 
in academic posts: Cambridge 
and then Princeton, Birm- 
ingham University, Rochester 
University, Imperial College, 
and most recently Bath 
University from where he 
retired last year as vice chan- 
cellor. A tall man, courteous 
but definitely wary when a 
New Scientist photographer 
and I met him, 64-year-old 
Matthews has just notched up 
a month as the new chairman 
of the Radioactive Waste Man- 
agement Advisory Committee 
(RWMAC)— the quango ap- 
pointed by the government to 
advise Whitehall on one of the 
more controversial scientific 
and environmental issues of 
the moment. 

Public meetings held last 
year about plans to dump low- 
and intermediate-level waste at 
Billingham and Elstow gener- 
ated hordes of concerned citi- 
zenry and anguished reactions. 
Feehngs ran high. They still 
do. It all seems light years 
away from the ordered calm 
of the Royal Society, in 
the Nash-designed splendour 
of London's Carlton House 
Terrace, where we conducted 
the interview. Paul Matthews 
seemed genuinely surprised that anyone 
should want to plumb his views. He 
remained nervous throughout the inter- 
view, relaxing only when I finally pocketed 
the notebook and pencil. 

For a man who once opened the dailies 
to find himself staring out of a newspaper 
photograph arm-in-arm with actress 
Vanessa Redgrave on a CND demon- 
stration, he is clearly unsettled by any glare 
of media publicity. He admits to more than 
a few qualms when his appointment, 
announced last November, comcided with 
the headline-catching problems of British 
Nuclear Fuels Limited (BNFL), concerned 
with radioactive discharge from its 
Sellafield plant. 

Matthews is adamant about the fu^t 
priority of his committee. "We've got to 
restore public confidence in Sellafield." But 
he's under no illusion over the task 
confronting the nuclear industry and his 
committee. His personal attitude to 
BNFL's problems is that last year's well 
documented accident was "unfortunate" 




rather than a disaster in the same league as, 
say, the Aberfan tip collapse of the mid- 
1960s. Yes, he says, the beach pollution 
was "regrettable". But, he goes on "there 
was no significant risk to the general popu- 
lation. No change in the situation as far as 
sea food is concerned. The only risk is 
confined to the beaches and the risk of 
somebody picking up radioactive flotsam." 

Matthews accepts that recent problems 
in Cumbria have dented the nuclear indus- 
try's credibility, but he does not believe 
matters have reached crisis proportions. He 
doesn't accept that the industry has been 
either too secretive or too complacent. "If 
independent bodies have wanted to get 
information it has always been forth- 
coming." 

UnlQce his immediate predecessor. Sir 
Denys Wilkinson, Matthews has never 
worked inside the business whose waste 
disposal strategies he will be monitoring. 
"I've never had formal links with the 
industry but I've been interested in nuclear 
matters for a number of years." 



In the past, RWMAC has 
been criticised for keeping too 
low a profile and voicing the 
interests of the nuclear indus- 
try, from which a quarter of 
the committee is drawn. 
Matthews, while not promis- 
ing radical changes, is anxious 
to disown any charge of bias in 
the stance of the committee. 
He believes his hand will be 
strengthened once the com- 
mittee's current crop of 
vacancies are filled with an 
environmentalist, a geologist, 
an economist and most likely a 
local authority representative. 
He stresses the independence 
of the so-called "lay" members 
and insists that without the ftiU 
participation of the nuclear 
industry representatives "there 
would be no dialogue". 

Over the next three-and-a- 
half years, the term of his 
tenure as chairman, he hopes 
the disposal routes will be 
established for both low- and 
medium-level radioactive 
wastes. And that includes 
dumping at sea for the first 
category. The marine route is 
justifiable technically and 
scientifically, he emphasises. 
Politically, of course, dumping 
at sea is virtually a no-go area. 
It is clear, though, that the 
present chairman of RWMAC 
will not be giving much 
comfort to environmentalists, 
nor to unions keen to see the 
present ban sticking. 

Matthews is no stranger to 
high-level committee work. He 
has done a three-year stint on 
the Science and Engineering Research 
Council's nuclear physics board, and a turn 
on CERN's scientific policy committee. 
Colleagues remember him as hard working 
and keen to reach conclusions. 

A past winner of the Rutherford Medal 
and Prize, his 1963 US-published textbook 
on quantum mechanics is still in print. His 
more recent (1971) Nuclear Apple is not, 
however, making him rich beyond the 
dreams of avarice— though the trickle of 
royalties suggests that the Japanese are still 
buying the work. 

Matthews plans to divide his time 
between RWMAC, editing the Proceedings 
of the Royal Society (he was elected a fellow 
in 1963) and, in his own words "dabbhng" 
in the University of Cambridge's depart- 
ment of appUed mathematics and 
theoretical physics. As a mathematician as 
well as a physicist it's no surprise to learn 
that Professor Matthews welcomes current 
moves to treat risk quantitatively. Tongue 
in cheek, he adds: "But don't take the 
numbers too seriously ..." n 
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Cambridge eyewash 



Donald GouU flnds a health waniiiig that makes the sparks fly 



POOR Mr Ken "Was-My-Faoe-Red" 
Shooter, who is the daabOeu un- 
paragoned Inspector for Technical 
Subjects in the County of Cambridgeshire. 
Just after Christmas our Ken sent the 
following alarming communique to the 
heads of all the colleges and schools in the 
county in which the gentle and usefiil art of 
arc welding is taught. 

Dear Colleague, 

IMPORTANT SAFETY ALERT 

ELECTRIC ARC WELDING 

I would appreciate your calling the following 

hazard to the attention of all your teachers 

who may have access to, or teach Electric Arc 

Welding. 

A recent incident has uncovered a 
previously unknown phoMNienia [w] of 

serious gravity. 

An employee in an Engineering Company 
flipped open the colourwl filter of his face 
shield to position his welding rod. He inad- 
vertently struck the metal to be welded 
producing an arc. The employee was wearing 
contact lenses 

On returning home from work, he 
removed the contact lenses and the cornea of 
the eye was removed along with the lens. 

RESULT - PERMANE^f^ BLINDNESS. 

The electric arc generates microwaves that 
instantly dry up the fluid between the eye and 
the lens, causing the cornea to be bonded to 
thelens. This trauma is painless and the oper- 
alor never knows an inj ury has occuned until 
removing the contacts. 

It neccessarily [sic\ follows that no 

CONTACT LENSES SHOULD BE WORN BY 
ANYONE WHO IS POTENTIALLY SUBJECT TO 
AN ELECTRICAL SPARKING SITUATION, Cg 
ELECTRICAL ARC WELDING. 

Yours sincerely, 

K. A. Shooter 

Inspector for TcchniceJ Subjects, 

Design Technology 

Well, well, well and loksamussy, as my 
Dear Old Dad would frequently exclaim, 
meaning may the Lord have Mercy on Our 
Souls. What perturbations and apprehen- 
sions must have been aroused within the 
hearts and minds of the teachers and learn- 
ers of arc welding in and around the Fens 
when they realised that they were ejniosing 
themselves to "a previously unknown 
phenomena of serious gravity . 

HUpIT Bf A COOD IDEA IF VOO COOlD 
wttD Wi^TACTS IW 




I recognise, of course, that not all vota- 
ries of the welder's craft are likely to be 
kitted out with contact lenses. Indeed, I 
suspect that the number of certificated and 
trainee arc operatives so equipped is small, 
because the vocation is of a kind that 
would chiefly attract no-nonsense, 
practical-minded souls, devoid of vanity, 
who, if in need of an optical crutch, would 
Ukely settle for a pair of NHS specs. But 
even the oontact-lens-free majority of 



honest artisans "potentiaUy sutgect to an 
electrical aparidqg situatioa" must have 
been fiDed with &niay at vbat the good 
Ken Shooter had to s^. 
After all, a poweniil suige of killer 
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microwaves, hefty enough to "instantly dry 
up" all tears, and bond the cornea to its 
overlying glass or plastic cover, must surely 
be capable of doing all manner of other 
mischief to the living flesh. Cataracts, 
sterihty, premature baldness, and insanity 
are a mere few of the possible horrific 
consequences of such baneful radiation 
that will instantly spring to the imaginative 
scientific mind. 

But, of course, and as was soon to be 
made manifest, the arc welders of 
Qimbridgeshire had been needlessly dis- 
tressed. Our Ken, in his cautionary circu- 
lar, had failed to say how he had become 
aware of the frightening "previously un- 
knovm phenonema", and it M to a Brian 
Finch, chief safety officer at a wdding insti.- 
tnte in the county, to put thing straight 

The shock-horror sbxy of me plucked 



out cornea had been circulating in the bars, 
corridors and common rooms of the weld- 
ing fraternity ix a decade or more, having 
first, so tihey say, appeued in the pases of 
an American magazine in 1973. Finm and 
his ejmert mates nad socm estsMidwd that 
the tale was a load of old cobblers, and ever 
since he has taboured often and hard to 
persuade nervous and credulous colleagues 
of the feet "We've had hundreds of phone 
calls about it," he txdd the Cambridge 
Evening News. So it seems that Ken, being, 
I suppose, a generalist in technical affairs, 
rather than a specialist in welding lore, had 
come across the myth somewhat late in its 
career. 

Now, I did just wonder how it could 
come about that a senior and doubfless 
knowledgeable county council official 
could issue so startling a notice without 
checking all his facts. He might, for exam- 
ple, have rung up some friendly neigh- 
bourhood quack to discover whether it is 
remotely possible that a tired welder, home 
after a hard day's arcing, could casually slip 
a fingertip under his lids and lift on the 
fronts of his eyeballs. He might have asked 
a physicist or an electrical engineer 
(Cambridge does contain a few) whether 
welding sparks do generate microwaves 
which could vaporise tears, and, if so, what 
would happen to the steam. He might even 
have asked himself whether such an awful 
self-inflicted injury could be accomplished 
with careless ease. 

Then 1 thought about Uri Geller, and 
how some eminent academics, and many a 
haid-bitten journalist, and even this great 
joiumal, paid that spoon-bending spoofer 
the most serious attention for quite some 
lime. And I redconed that our Ken was in 
good company. □ 



Big is not necessarily beautiful 

Derek Ager tons his mind to the size of acadonic sdence departmeiits 



WHO TOLD the University Grante 
Comnuttee (UGQ that big is 
beautifiil so far as university 
science departments are concerned? It now 
seems to be an accepted truth. But is it true? 
No doubt the big and influential 
departments have told the UGC that it is 
true, but are there any quantified data to 
support the contention? 

I spent 18 years in the largest geology 
department in the country and then moved 
to be head of one in the small to medium 
category. 1 have nothing against the former, 
which was a splendid department full of 
splendid people doing splendid work. But 
when I try to quantify scientific pro- 
ductivity, I find that my present 
department produces more graduates with 
about a quarter of the staff. What is more, 
relationships with students are very much 
better in the small departments where 
everyone knows everyone. This can only be 
to the advantage of the teaching and post- 
graduate research. Certainly research does 
not sufier at the expense of teaching. 

In the past few years my department has 
produced a slightly higher publication rate 
per member of staff compared with the 
lane department; and I mean real papers 
refereed in re^iectable journals, not book 
reviews or obituaries or such-like. Both 



average about 1.3 papers per year per 
person. What is more, our small 
Department of Genetics has achieved a 

remarkable average of about 4.6 publica- 
tions per member of staff per annum 
in recent years. Our Oceanography 
Department, which is under threat at the 
moment for the crime of being small, has 
produced four books and about 88 
scientific papers from a staff of six in the 
past four years. At the same time, they have 
graduated about 24 students per year and 
supervised a large number of research 
students. It is not, of course, possible to 
make direct comparisons between disci- 
plines. An afternoon's experiment in one 
cannot be compared with months of field 
work and resultant laboratory wcnk in 
another. I say that with feeling! 

It is not difficult to see why large 
departments are not more productive, and 
this conclusion is not only based on my 
own experience (in many departments 
around the world), but also on what I have 
been told by many others in the univer- 
sities. In a large department, a sizeable 
section of the staff separate themselves off 
as pure researchers and are under no partic- 
ular pressure to produce results. The teach- 
ing load tends to fall heavily on a few 
willing souls, and a number of others just 
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disappear into the woodwork. In a small 
department this is not possible. Everyone 
has to pull his or her weight or it is very 
quickly noted by the others. No one can 
rest on his or her laurels, however nobly 
won. Looking through the lists of staff at all 
the British departments, in my subject, I 
find that I know nearly all of them in 
the small departments, but the large 
departments include many names that 
have never penetrated my scientific 
consciousness. 

In my large department, it was only 
when there was free alcohol available that I 
met many of my colleagues and their 
research students. I remember at one of the 
last sherry parties 1 attended there, I found 
myself next to a man whose face 1 vaguely 



recognised as a former student. "What are 
you doing now?" I asked while trying to 
remember his name. "I've been on the staff 
here for the last two years," he replied. 

Obviously there must be a minimum size 
for viability, but I feel sure that the figure is 
very much lower than the ones that have 
been bandied about recently. Obviously, 
too, one needs a large department if one has 
a radio telescope and six mass spec- 
trometers to support, but if the UGC and 
research councils are going to pursue this 
policy, they should provide some data to 
show that there is at least a grain of truth 
in it. □ 



ProfMsor Darck Agar is head of the Department 
of Geology at the University College of Swansea. 



The real history of tape recording 

Barry Fox investigates the origins of a concert to be held in London this week 



FIFTY YEARS ago, a German chemi- 
cal company, which had grown rich 
and successful from synthesising dyes, 
fertilisers, resin, rubber and plastics, turned 
its attention to something completely 
different— a strip of plastics film coated 
with magnetic material for recording 
sound. That company now calls itself 
BASF because its original title, Badische 
Anilin & Soda-Fabrik, hardly rolled 
smoothly off a non-German tongue. 

The switch to BASF, in 1973, was not the 
company's first change of name. You will 
not find the original patents on magnetic 
tape Usted under BASF or Badische. They 
were filed by 1. G. Farben, a name which 
BASF prefers to forget. Farben was the 
giant empire formed between two world 
wars by an amalgamation of the three 



major chemical companies in Germany, 
Bayer, Hoechst and BASF. It fuelled the 
German war machine with synthetic oil, 
rubber, explosives and Zykon B, the poison 
gas for concentration camps. Farben used 
slave labour to build its plant in Auschwitz. 

The Allies dissolved I. G. Farben in 1945 
and the companies involved went back to 
their original names. What BASF did in 
Germany was no worse than what Japanese 
companies, now household names for hifi 
and video, were doing at the same time in 
the Far East— or the British chemical indus- 
try in Dresden, and the Americans in Viet- 
nam. But the feeling of guilt that oppresses 
most Germans bom since the Second 
World War has the unfortunate effect of 
making it difficult for the company to talk 
freely about a seminal period of magnetic 



recording history. Audio-tape recording 
was used in the war years by Hitler to 
confuse foreign intelligence. 

Recently, 350 reels of tape were found in 
Koblenz. They confirm apocryphal stories 
because all contain speeches by Hitler 
recorded during the war. They were broad- 
cast from one city while Hitler was in 
another. The Allies were confused because 
they thought they knew where Hitler was, 
but the broadcasts were not blemished by 
the characteristic cyclic surface noise of a 
disc recording. Intelligence officers had not 
yet learned to recognise the characteristic 
sound of continuous tape hiss. In any 
event, it was masked by reception hiss. The 
BASF archive now has some of these origi- 
nal tapes but it is reluctant to publicise this 
because of the Hitler content and the fear 
that young Europeans may make political 
capital out of the historic tapes. 

Another batch of old tapes has also 
turned up. During the war, a German lorry 
overturned on a country road, spilling a 
box of tapes that were later found by local 
farmers. They had no idea what the stringy 
material was so they used it to bind 
tomatoes. Some of these bindings have just 
come to Ught and BASF engineers hope 
they may be able to retrieve snatches of the 
original sound. 

The idea of magnetic recording is almost 
as old as Edison's cylinder. The Danish 
engineer Valdemar Poulsen succeeded in 
recording sound magnetically, by using 
wire strip at the turn of the century. In the 
late 1920s a German engineer, Fritz 
Pfleumer, coated paper tape with iron dust 
to replace wire or steel strip. But per- 
formance was erratic. In 1932 the electron- 
ics company AEG Telefunken asked BASF 
(more accurately Farben) to use its chem- 
ical expertise and make something more 




Sir Thomas Beecham conducts the LPO at BASF's Feierabendhaus in 1936 



BASF's trial production magnetic tape in 
1932 was not so flexible as its modern 
counterparts 

reUable and durable. In 1934 Farben deliv- 
ered the first 50 000 metres of tape to AEG 
and the next year the two companies joined 
forces to show the world's first working 
tape recorder or "Magnetophone" at the 
famous biennial Berlin Radio Show. 

In November 1936, Sir Thomas 
Beecham was touring Germany with the 
London Philharmonic Orchestra (LPO). 
One of his concerts was in the BASF hall 
at Ludwigshafen and company engin- 
eers taped the performance. Afterwards 
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concerts was in the BASF hall at 
Ludwigshafen and company engineers 
taped the performance. Afterwards 
Beecham listened to the playback, instead 
of joining 600 guests at a banquet arranged 
in his honour. The original tapes still exist. 
This Friday (10 February) the LPO is 
repeating exactly the same programme live 
at the Barbican Hall in London, to cele- 
brate magnetic tape's 50th birthday. 

The London location for BASFs cele- 
bration is appropriate, because the German 
company owes its existence to a London 
invention. In the early 19th century the 
only way to colour silk was with vegetable 
dye. The natural dyes were so fugitive that 
sometimes a lady would go out for an 
evening with a violet ribbon in her hat and 
come back with a red one. During the 
Easter vacation of 1856, William Henry 
Ferkin, an 1 8-year-old student at the Royal 
College of Chemistry in London attempted 
to synthesise quinine by oxidising aniline 
from coal tar. He failed, and was left with a 
coloured sludge. Instead of throwing it 
away, he tried using it to dye silk. The silk 
turned mauve, and stayed mauve. Despite 
the legal problems of being only a minor, 
Perkin patented the dye. His father 
financed production of the dye in a factory 
at Greenford Green, near Harrow, using 
coal-tar waste. The textile industry was 
soon clamouring for synthetic mauveine. 

In Germany there were mountains of 
coal tar waste created as an unwanted 
byproduct of the coal gas works. German 
chemists built factories to convert the waste 
tar into highly profitable dye. By the turn of 
the century, there were 700 different 
colours available. Perfumes, flavouring, 
explosives and saccharin sweetener 
followed. Today the most striking impres- 
sion of the BASF chemical factory is that, 
although it is the size of a small town, there 
is not a trace of chemical smell in the air. 

The British chemical industry com- 
plained bitterly that the Germans had 
robbed it of its coal tar birthright. But 
Raphael Meldola, president of the Chem- 
ical Society, spoke the hard truth at the 
Royal Institution during a meeting in 
London to celebrate 50 years of the coal tar 
industry, and to honour Perkin's presence. 
"Had our manufacturers adopted the same 
methods that the Germans have adopted 
we might have been in a different position 
today," he told the RI. "Because a certain 
discovery is made in a particular country, 
must it for all time remain in that country? 
We have progressed slowly, but Germany 
has progressed by leaps and bounds." 

Paradoxically, BASF is today finding 
itself in much the same position. The 
company invented recording tape and 
became a household word because of it. But 
the Japanese are fast decimating the Euro- 
pean tape industry with the same tactics 
that the Germans used to decimate the 
British coal-tar industry. TDK of Japan has 
now won more than 30 per cent of the 
audio-tape market in Britam, after only 10 
years in business here. The next generation 
of audio and video recorders will use 
magnetic tape coated with a sub- 
micrometre film of pure metal by 
vacuum deposition. BASFs pilot plant in 
operation is under licence to the Japanese 
company, Matsushita, which invented the 
process. □ 



Sixty years of the six pips 



Enid Lake on a time-marking anniversary 



JOHN REITH, the highly autocratic 
head of the then newly estabUshed 
British Broadcasting Company, 
proposed in 1923 to the Astronomer Royal, 
Sir Frank I>yson, that a time signal should 
be transmitted regularly into the homes of 
the nation. Such broadcasts, from the 
Royal Observatory, Greenwich, would 
provide, he suggested, not only a usefiil 
service to listeners but also would raise the 
prestige of the observatory. 

While this remark showed Reith's 
perception of the influence exerted 
already by the embryonic British Broad- 
casting Comjjany, it was hardly a tactful 
comment to make to the director of an 
institution with nearly 250 years of fine 
scientific work to its credit— much of it 
carried out under the most strin|ent 
financial constraints. Dyson was stung into 
retorting that Greenwich Observatory's 
prestige depended on its numerous astron- 
omical achievements, not mere publicity. 
Having made his point, the Astronomer 
Royal was quite willing to cooperate in 
providing a public, nationwide time signal, 
but there was the usual problem of 
funds ... a problem which was settled by 
the BBC bearing the entire cost of setting 
up the service, about £150. 

The first pubUc time signal, the Green- 
wich Time Ball, had been set up in 1833 by 
the then Astronomer Royal, John Pond, for 
the benefit of mariners, clockmakers and 
citizens living within sight of the Royal 
Observatory. His successor. Sir George 
Airy, had pioneered the use of the rapidly 
expanding railway telegraph network for 
distributing Greenwich Time. Charles 
Shepherd patented his electric clock in 
1849 and by August 1852 Airy was using 
one to disseminate time signals 
automatically — along the newly installed 
telegraph line linking the Observatory with 
Lewisham Station, and so with the rest of 
Britain. Wireless time signals were intro- 
duced in 1904, mainly for navigational 
purposes, and several specialist time 
stations (though none of them British) 
were in operation before the First World 
War. 

Radio stations transmitting to the 
general public were in their mfancy in 
the eariy 1920s. The BBC obtained its 
Hcence to broadcast on 18 January 
1923, and later that same year, in April, 
moved to new studios in the premises 
of the Institute of Electrical Engineers 



(lEE) at Savoy Hill. The BBC invited a 
member of the lEE, Frank Hope-Jones, an 
expert on electric clocks, to make a topical 
broadcast announcing when the clocks 
would "go forward" for Summer Time. 
Hope-Jones finished his broadcast by 
giving a time check from his watch, count- 
mg out the last five seconds before 10 pm, 
and this led to his novel suggestion that the 
BBC should broadcast a time signal 
brought by land line direct from Greenwich 
Observatory. 

Reith took up this proposal and within a 
year, on Tuesday, 5 February 1924, the 
Astronomer Royal introduced the now 
famous signal when it was transmitted for 
the fu^t time at 9.30 pm. The signal, 
six pips at one second intervals, the 
last indicating the beginning of the 
minute, were transmitted to the BBC on 
the hour, half and quarters from a specially 
adapted long-case pendulum clock at 
Greenwich. 

The Post Office set up a transmitter at 
Rugby in 1927 to broadcast Greenwich 
Mean Time (via landline) for scientific and 
navigational purposes. The time signals 
originated from Greenwich until the 
London blitz in 1940 forced the Time 
Department to evacuate to Abinger in 
Surrey. At the end of the war, the obser- 
vatory itself was relocated to a more suit- 
able site at Herstmonceux in Sussex, the 
main Time Department eventually was 
able to rejoin it in 1957. 

Over the years, the signal was controlled 
by Short free-pendulum clocks, quartz 
crystal clocks, and is now derived from an 
atomic clock at Herstmonceux which has 
an accuracy in the order of I second in 
30 000 years. 

Astronomers have used the rotation of 
the Earth on its axis as the principal 
method of keeping time. Atomic time- 
keeping has shown the Earth an unreliable 
clock because of changes in its rotation 
rate. Greenwich Mean Time, distributed by 
the pips, and atomic time differ slightly 
(but significantly) from each other and 
occasionally a leap second is required to 
bring the two together. When required, a 
seventh pip is transmitted for a leap second. 
Hope-Jones suggested five pips, Dyson 
added the sixth (now a slightly longer beep) 
and the seventh was brought into being 
from 1 January 1972. 

Enid Lake edits Popular Astronomy. 
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More pages froM T— Ddyell*g pirttainaitary notebook 



FTER (You - Wanna - Buy - a - Wind - 
scale?) Walker has been raising the ire 
of parliamentary members. Many 
MPs believe that the placing of British 
Nuclear Fuels Limited (BNFL) in private 
hands is a dangerous brand of niadness that 
only a bunch of Dr Strangeloves would 
advocate. But MPs are also incensed that 
the Secretary of State for Enerm is abdi- 
cating his ministerial responsibility on the 
floor of the House. Instead of answering 
members questions, be is tefening them to 
the chainnan of BNFL. 

Brian Sedgemore (Hadmey South and 
Sioredttdi) has gone as &r as to suggest 
tbatBNFLis*'dnriyoQtctfooiilralifhcan 
ride lougbshod over ministeis, or so 
fiighten ministm tiiat they no loiran' cany 
out their duties to parliament." While some 
of his questions may have been technical, 
they were all of political import. One of 
them related to the failure of BNFL and the 
government to see through a recommendwl 
safeguard for the public despite having had 
seven years or so to do it (the appointment 
of an independent health expert to analyse 
BNFL's health statistics). Another question 
concerned information on BNFL's own 
survey of the incidence of cancer among its 
workers. Mr Walker should tell us the 
answers to these questions himself. The 
doctrine of ministerial responsibility is 
important to the continuance of our 
democratic process. 

* • « 

LIKE OLD SOLDIERS, former MPs tend 
just to fiide away-or at least to mate no 
fiirther contribution to topics on vAash 
they were (Aen highW Rgaraed «dien diey 
sat on the green benches of the Commons. 
Arthur Palmer, who retired from Bristol 
Central at the last election, has just 
produced a pungently argued pamphlet 
Nuclear Power— The Reason Why, 
published by the Electrical Power 
Engineers' Association. 

Because dynamite can be used for safe- 
breaking, says Palmer, it does not follow 
that it should never be used for quarrying. 
Similarly, nuclear power and commercial 
power stations shoidd iXIt be confused with 
nuclear missiles. 

Palmer tells the story in his pamphlet of 
how, during the First World War and the 
Bolshevik Revolution, it was reported to 
the British government that mutinous sail- 
ors of their allies had seized an admiral on 
a Russian battleship and thrown him into 
the furnaces. Whereupon, a Whitehall 
Cabinet minister with a practical turn of 
mind asked if anyone knew the calorific 
value of an admiral! For Palmer, this 
grim tale illustrates the outlook of power 
supply engineers: they have not turned 
to the possibilities of the nuclear steam 
boiler for the fun of it. The power supply 
industry would gladly bum seaweed if it 
were the most economic and feasiUe way 
of making decttidty in. the quantities 
required. 

Palmer's tract is technically correct and a 
good read. It is a great pity that he cannot 
continue his lifelong, and often rather 
lonely, interest in matters scientific. He was 



a much revered chairman of the Commons 
Select Committee on Science and Tech- 
nology during 1966-70, and 1974-79, and a 
member of the Lords Select Committee. He 
would be a valuable addition to the House 
of Lords. It would be appropriate if he were 
to fill the berth left vacant by the late and 
much lamented Christopher Hinton, the 
famous CEGB chairman, who became 
Lord Hinton of Bankside OM. Hinton gave 
me much sound advice during my first 20 
years in the Commons. 



Thi5 ohe Smells l-ikB- 
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WHAT IS THE LATEST PERIL? Why, 
scented products! OieviDe Jaimer has asked 
the Trade Iifinnter «4iether in view <tf the 
dangers to diildren (tf swauowing scented 
pKMHicts such as rubbers and pens, he will 
txm ibs sale of these products, pending full 
investigation, and institute an inquiiy. The 
Minister of State, Alec Fletcher, claims he 
is urgently considering what action might 



be taken to deal with any likely suf- 
focation risk, particulariy to young 
children, from scented articles, such 
as erasers. Now, I'd like to know what 
scientific genius devised the scenting of 
rubber in the first friacc? 

* * * 

IN AN AGE when the press highlights 
every dramatic surgical spectacular, it is 
inevitable that expectations should be 
raised in any family where a transplant is 
required. Thus when Professor Roy Calne 
and his team at Addenbrooke's Hospital 
are seen to have performed a liver trans- 
plant on a two-year-old child, it is not 
surprising that many families wonder 
whether the same cannot be done to ease 
their afllication. One of the limiting fiu:tors 
is invariably money. The annual cost of a 
kidneydialysis machine is now on average 
£16000— such money is becoming 
increasingly difficult to find what with the 
cuts that uie National Health Service is 
su£fering. 

The provisional annual total of kidney 
transplants in Britain is 1 160. Yet there are 
over 2400 patients awaiting transplants. It 
is all very well for the govemmoit to say 
that it is launching a new publicity 
campaign to increase puUic awareness of 
the need for tranqMantation, and to 
encourage the widest use of the organ 
donor card. The truth b that in tiie iteence 
of an amendment to the Human Tissue 
Act to permit hospital authorities to 
take the kidneys from anyone, other 
than those who have opted out during 
their life time, there will never be enough 
matching tissues. Nor is a sufficient 
number of kidney machines available 
for dialysis while patients wait for tissues 
suitable for transplant. Many patients, 
often with the prospect of useful working 
years in front of them, could be saved 
but for the shortage of cash for such dialysis 
units. □ 



No. 249 

Championship double 

by Susan Denham 

WE ARE drawing up plar,s tor our local 
club's annual tennis championship for 
the next few years. The championship is held 
for a week in spring and consists of a group 
of members each (Maying each of the others 
juA once. We are planning for increased 
numbcpof pftiri|WihandK> wfcedthe 
groondnian how manv miltiKS the courts 
couM cope with in this and next year's 

championshijis. He gave his figure for this 
year and said that with the planned chib 
extensions we coidd loope wnh twice that 
figure next year. 

The chairman reacted that both those 
figures were inappropriate as neither equal- 
led a ponilile "dtamiMonahip total" number 
of matches, that is to say no matter how 
many players took part in a champion- 
ship the number of matches needed coukl 
not equal either of the groundsman's esti- 
mates. 

So the chairman interpreted these figures 
by assumii^ that the number of matches 
mayed this year and next would be the 
lowest "championship totals" above each of 
the groundsman's estimates. He then 
announced his revised estimates for this 
you'i and next year's matches and, by coin- 



ENIGIVJA 



cidence, his figure fbr next year b twice m 

figure for this year. 

One might be led to believe that the year 
after next will see three times the number of 
matches which the chainnan predicts for this 
year; but that is impossible. But it could 
happen that the number of matches in the 
championship the year after next is three 
times the gmmdHQan's estfanaie Ifar thb 
year. 

Ho w many mstches did the grouadsuMm 

eMliwale tbt Ais year? 

A £5 book token witt be awarded to the 
sender of the first correct solution (^ened on 
Thursday. 23 February. 1984. Please send 
entries to Enigma No 249, New Scientist, 
Commonwealih House, 1-19 New Oxford 
Street. London WCIA INC. The Editor's 
decision is final. The winner of Enigma No 
246, "League o/" Five", was P. F. Crodi of 
Hidcling.Noi^ 



AasmrtoIU8na2<M 
League ef five 



/< V B 4-0 
A V C 0-2 
A V D 0-i 



B V D 0-0 
C V D ^3 
Z) V £ 3-3 



iaI 

• 
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Scienceand 
Technology-senrinf 

London's needs 

New technology does not have to destroy jobs. It can be used 
to create them too — and in ways that make work more 
rewarding, and meet social needs 

But we can't just trust to the profit motive and market forces 
to make sure that the wonders of new technology are actually 
used that way. So we shall have to do the job ourselves. 

The resources we need are already to hand, in the workplaces 
and the communities, where the inventiveness and creativity of 
ordinary people can be found, alongside the needs our society 
ignores. 

A pipedream? At the Greater London Enterprise Board we 
don't think so — we are going out and doing it. In this financial 
year we are making f 4m available to set up the first four 
technology networks'. 

These aim to tap the skill and know-how of scientists and 
technologists in the research departments of London's 
universities and polytechnics — and link them up with groups in 
the community ana the workplaces. 

That way, unmet needs can be matched up with unused 
inventions. The result will be a 'product bank' of job-creating new 
prcxJucts and services. These can be made available to workers 
and management in firms where jobs are threatened: or used to 
create jobs in new co-operatives or private firms 

Robot arms: products for the disabled identified by their own 
organisations: energy-monitoring and energy-saving devices 
identified by tenants: computer software to make the expertise 
of specialists available to ordinary GPs 
and patients; these are some of the 
projects already in the product bank, 
before the first four networks are even 
fully under way. 

Interested? A new booklet from 
the Greater London Enterprise Board 
tells you more. 

Copies of 'Technology networks - 
science and technology serving 
London's needs' are available 
(75p each or 50p plus p-l-p for 
bulk orders of 10 or more) from: 



[oinioro 
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Technets' Ref. SC, 
Greater London Enterprise Board 
63-67 Newington Causeway, 
London SE1 6BD. 
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Home truths 

I agree with the comment made 
by Brian Mower, Director of 
Information, Home Office 
(Letters, 26 January, p 50), when 
he says that "It really is a pity 
this [checking of passports by 
computer] cannot be written 
about without invoking 1984 
demonology". 

However, I think that we 
should all, for the time being, 
continue to question the 
intentions of any body which feels 
a need to publish "information" 
of the quality contained in the 
pamphlet Civil Defence; why we 
need ;'f, prepared by the Central 
Office of Information for the 
Home Office and the Scottish 
Home and Health Department. 
Dr Richard Johnson 
Bucksburn 
Aberdeen 

Nuclear cluster 

The suggestion in the BMJ, in 
November 1983, repeated in New 
Scientist (26 January p 7), that an 
unusual cluster of Down's 
syndrome babies bom to Irish 
mothers who went to school in 
Dundalk could be connected with 
the Windscale fire of 1957 is 
unbelievable on at least two 
counts. 

First, if indeed activities 
released from Windscale were 
such as to cause genetic disorders 
in Irish mothers, the [>attem of 
abnormalities would have been 
one of widespread excess 
incidences of a number of cancers 
and genetic disorders, not a single 
cluster of .one adverse effect 
Umited to one boarding school. 
Secondly, if indeed radiation doses 
in Ireland (which was not in the 
path of the major release) were 
high enoug^ to cause genetic 
abnormalities, then the radiation 
doses to the population of West 
Cumbria (parts of which were in 
the immediate path of the release) 
would have been thousands of 
times higher than those actually 
observed and excess incidences of 
cancers and genetic disorders 



would also be correspondingly 
high. 

In fact, the radiation doses to 
the Cumbrian population can be 
relatively well estimated and 
evidence for increased incidence 
of cancer locally is dubious or 
non-existent. New Scientist 
mentions that all of the mothers 
had suffered an illness similar to 
influenza in October 1957. Since I 
am ignorant on the subject, I will 
not speculate as to whether 
influenza or similar viral infection 
might be sufficient cause for the 
observed abnormalities. I suggest 
that Professor Blackrith and the 
Dublin MDs would be well 
advised to show similar restraint 
when considering radiation effects. 
Terry Sumner 
Wantage 
Oxfordshire 

Building bridges 

The article by Mick Hamer on 
the Severn Bridge mentioned the 
destruction of a model bridge in a 
wind tunnel at the National 
Physical Laboratory (12 January, 
p 8). In the context of the 
paragraph, this mention may be 
misconstrued by some of your 
readers to mean that there could 
be a link between the destruction 
of the model by wind and the 
possible destruction of the Severn 
Bridge by wind. Let me allay their 
fears. 

The model in question 
represented a section of the deck 
of^a proposed truss-stiffened 
bridge. It was undergoing tests in 
the wind timnel to examine its 
dynamic response to wind and 
was suspended from the wind- 
tunnel roof by springs and cable 
Unks. The cable links snapped and 
the model broke away. There is, 
then, no connection whatsoever 
between the event and any 
possible behaviour of the Severn 
Bridge. 

It IS, however, an ill wind that 
blows no good. The model was 
made of wood and passed through 
four sets of turning vanes and the 
propeller at least once and was 
smashed to pulp before the wind 




died down. Obviously a new 
model had to be made before the 
tests could be continued. At the 
request of the design engineers, 
advantage was taken of the delay 
to develop the aerodynamically 
stable section for a closed box- 
girder bridge (no mean task at 
that time) that was finally 
accepted for the Severn Bridge. 
D. E. Walshe 

Applied Fluid Mechanics Division 
NMI Ltd 

Teddington, Middlesex 

On-line postgrads 

We support Simpson's and 
Earthy's call for ready access to 
information on p>ostgraduate 
student research (Letters, 19 
January, p 45). 

RBUPC (Research in British 
Universities, Polytechnics and 
Colleges) and AsUb's Index to 
Theses together provide a printed 
record of work in progress and 
completed research for higher 
degrees in the UK. Mounted as 
computer searchable databases on 
the British Library's Blaise 
information retrieval service, they 
would help to alleviate the 
problems involved in retrieving 
this type of material. An added 
advantage of using the existing 
Blaise system for this purpose lies 
in its facility for automatically 
switching retrieved references to 
the British Library Lending 
Division's interlibrary loan 
requests. The BLLD's holdings of 
thesis Uterature are by far the 
most extensive in Britain. 



A publicly available on-line 
employment register of British 
postgraduate students may be less 
easy to achieve although we 
understand that DES has 
sponsored a feasibility study to 
develop a computer-aided career 
guidance system which will 
include employment opportunities. 
Carolyn Rowlinson 
M. J. Snell 
University of Stirling 

ISR physics 

Concerning the excellent article 
"Protons in collision" (8 
December, p 743), I disagree with 
the statement that the ISR missed 
the discovery of the J/y and Y 
particles because of a "strong 
element of conservatism in the 
early experiments", in contrast 
with the recent "more 
adventurous approach" which has 
rewarded CERN with discovery of 
the W and Z particles. 

The basic difference between 
those early ISR experiments and 
the recent experiments at the 
CERN pp collider is that in the 
case of the W and Z particles we 
knew exactly what to look for and 
all relevant quantities, such as 
even rates, mass values and 
backgrounds, turned out to agree 
with the theoretical predictions. In 
addition, the signal-to-noise ratio 
was extremely favourable. 

On the contrary, in the early 
ISR experiments we did not know 
what to look for and backgrounds 
turned out to be much higher 
than predicted. In our paper "A 
search for electron pairs at the 
CERN ISR" (Physics Letters 
48B(I974) 377) we said: ". . . five 
events . . . were found to satisfy all 
requirements . . . The pair masses 
were distributed above a threshold 
of 31 GeVj/c^" It is amusing to 
note that the mass value of the 
J/V particle is 3 097 Gt\/c\ The 
reason we did not set the 
threshold at a lower value was that 
we found a very high rate of pairs 
of Ji'-mesons with high transverse 
momentum which saturated our 
data acquisition system. This 
background was unpredicted. 



GRIMBLEDON DOWN 
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It is now interpreted as the result 
of hard scattering of proton 
constituents. This phenomenon 
turned out to be one of the main 
ISR discoveries. 

The history of the Y particle is 
rather different. This particle was 
observed at the ISR only by the 
end of 1977, when the ISR had 
reached a collision rate high 
enough (about one order of 
magnitude higher than the design 
value) to produce it at a 
reasonable rate. Even so, 
experiments were able to detect 
only about 50 Y particles per year 
of ISR operation in a fully 
dedicated mode. At the Fermilab 
machine, with a collision rate 
10000 times higher, 500 Y 
particles were observed in May 
1977 in two weeks of running 
time, by an apparatus which had 
an acceptance very similar to that 
of ISR experiments. 

The approach that led to the 
recent discovery of the W and Z 
particles at CERN was 
adventurous only for what 
concerns the accelerator complex 
itself (many people had considered 
the transformation of the SPS into 
a pp collider as a very risky 
project with little chance of 
success). On the contrary, the two 
experiments which observed the W 
and Z particles were designed and 
built following conservative ideas. 
I doubt that these experiments 
would have discovered the 5/y 
particle, had they been running at 
the ISR. 
Luigi DiLella 
CERN. Geneva 



UNBEATABLE 
SPECIALS 



♦ ♦♦***♦*♦*♦* 

NEW - HP41 CX COMPUTER 

♦ As HP4 ICV but incorporat«& (unctions simi- * 
1«r to unifK module and eaitiodad 

♦ (unclions/memorv module £220 00 * 

******** 

HP1 IC (21C Mem Sci slimline 



* * * * 

£63 



HP15C(AdvScic/mem)67sloragereg £83 



HP41C (Alph c/mem) 
HP41CV lincorpofeling quadrumi 
HP41C Card teader 
HP41C Pnnter I82143AI 
HP41CV Pnnter |82162A| 
HPIL Module 

HP Optical wand (plugs into 41C/CV) 
HP16C (Hex Convenerl 
HP75C tt6K Portable computerl 



£129 
£174 
£129 
£2S2 
£295 
£85 
£85 
£84 
£650 



00 

95 
SO 
95 
00 
00 
00 
00 
00 
00 

Turn your 41C/CV System into a har>d-held"l 
Computer with these accessories 
I 'Ponable Digital Cassette Dnve {stores up to 

131.072 bytes on a moveable mini-iiata 
I cassette Files can be given ■ Meaningtul 

names Average file access 1 3 sees, works 
I on rechargeable batteries and is completely 

portable) £290 00 

• HP 7470A 2 PEN PLOTTER with plotter 
I module, firsl-time users can quickly gener- 
ate lir>e graphs/bar charis/overt>ead slides 
I etc Allows rapid generation of bar code 
commands useable wittt HP41V/CV 
I 1HP7SC plus most ottier computers 
I Plotter motJule £80 00 £800 00 

I EKietxJed function and memory mocJules for 
I HP41CVBdd$(maxof 3)4221 bytes or 603 
. registers £57 per module 



HP BUDGET PACK 
HP41CV togetfier with card reader and 
printer 82143A All complete as manu- 
facturers spec £540 00 
With 82162A Printer & IL Module 
£650 00 

As above plus digital cassette 
drive £925 00 



GOODS FULLY GUARANTEED 
PRICES EXCLUDE VAT AND P&P 
Company, hospital and Government orders 
accepted by phone 
BarcLaycsrd/Access/Visa accepted by pftone 

Tel.: 01 -455 9823 

Detail&d lueraiure available on reqiiest 
EXPORT ORDERS WELCOMED 



MOUNTAIIMDEIME 

22 COWPER ST. LONDON EC2 



Rally round 

I was very saddened to read 
Johnny Muirhead-Thomson's 
cynical view of Operation 
Drake/Raleigh (26 January, p 2). 

I write as one of the "young 
hopefuls" Muirhead-Thomson 
refers to. He seems to give the 
impression that thousands of 
people have been attracted to the 
operations merely on the 
overwhelming urge to take part in 
a major scientific survey. 



STUFF YOUR NOFEi. Pf<n£ 
1 WA^^- A P<*i*£ OF 





This may be the case in a few 
instances, but for myself (and I 
think many thousands of others), 
the reason for applying is to take 
part in challenging projects in 
hostile environments, not 
necessarily to discover things 
about the natural world, but to 
explore myself, to find out my 
capabilities and where my 
limitations lie. 

1 think Muirhead-Thomson is 
wrong to view the operation 
merely in a scientific light. He 
should look at the project as a 
whole and not just criticise one 
aspect of it. 
Peter Hughes 
Sutton Coldfield 
West Midlands 

Surrounded in doubt 

There were some errors in 
Professor P. B. Fellgett's letter to 
you on Ambisonics and the 
British Technology Group 
(Letters, 26 January, p 50). 

Professor Fellgett says that he 
has no evidence to confirm BTG's 
refKjrted claim to have spent more 
than £50 000 (presumably a 
misprint for £500 000) on the 
furtherance of Ambisonics. He 
must be aware however that he 
and his associates receive regular 
statements of income and 
expenditure, the last of which 
related to the period to 31 
December 1982. The total of 
expenditure shown in that 
statement was £387 947-26. 
Expenditure has increased since 
that time and the current total is 
close to £500 000. 

He mentions also that royalty 
income on Ambisonics has fallen 
to exactly zero and relates this to 
a claim that "BTG withdrew 
cooperation from us" two years 
ago. As far as we can see there is 
no connection between variations 
in royalty income and any 
cooperation we may or may not 
have had from Professor Fellgett 
during that period. Most of the 
income to date has been earned 
by one licence and it so happens 



that the licensee in question has 
concentrated on a new product, 
released only recently, during that 
period. 

Professor Fellgett refers to the 
Manfred Fox Report. If he has 
seen that report he will know that 
it is based on a very small sample 
of our cases which were not a 
random selection and that the 
conclusions presented in it cannot 
be stretched into generalisations. 
Neither of the other two reports 
to which he refers is concerned 
with BTG to any significant 
extent. 

We share Professor Fellgett's 
disappointment that Ambisonics 
has not yet been adopted by the 
audio industry in any significant 
way but this is not through any 
lack of commitment on our pan. 
Development has been supported 
to a very significant extent, the 
technology has been given wide 
publicity including broadcasts by 
the BBC, there are available more 
than 100 records in Ambisonic 
format, decoders are available off- 
the-shelf from Minim and other 
suppliers and we have here at our 
premises at the Elephant and 
Castle demonstration equipment 
which is in regular use. 

A number of inventors are 
involved in the Ambisonic 
technology and a diversity of 
views on exploitation can only be 
reconciled by a degree of mature 
cooperation from all concerned. 
Needless to say the task of 
transferring the technology to 
industry can only be made much 
more difficult if our efforts to 
produce a concerted approach to 
the market are constantly 
undermined. 
Peter Tanner 

Technology Transfer Division 
British Technology Group 
London SEl 

Old mountains 

Although replies by authors to 
reviews are not usual, things are 
different when criticisms are based 
on gross numerical errors, as is 
the case with the review of my 
book The Earth and its 
Mountains by Keith Runcorn 
(8 September, p 706). 

First, an error of dynamics 
perpetrated back in 1920 and 
repeated in all six editions of The 
Earth passed unnoticed till 
discovered by the writer in the 
early 1970s. When put right, one 
of the consequences was to bring 
to fight a further effective couple 
acting on the Earth owing to its 
contraction, over and above the 
already recognised lunar and solar 
couples. Moreover the correct 
theory shows that this intrinsic 
couple is essentially greater than 
the solar couple, and may even be 
about twice as great. Thus, to 
describe it as a minor lacuna, as 
Runcorn does, is utterly absurd, 
while what he extols as "the 
classical theory" is not a "theory" 
at all but simply a series of errors. 

Secondly, the most reliable 
ancient-eclipse data, which cover 
about 3000 years, when used with 
the correct theory enable the rate 
at which the Earth is contracting 
to be found. On the other hand, 
the average rate of contraction 



over the last 3000 million years 
can be derived on the phase- 
change hypothesis for the nature 
of the liquid core (which is quite 
unrelated to eclipses), and this 
yields a value in extremely close 
agreement with that obtained 
from the ancient-echpse data. 

Thirdly, as to priority, Urey in 
The Planets (1952) suggested that 
sinking of iron might be causing 
the Earth to contract. But the 
equations he set down can readily 
be shown to be hopelessly 
incorrect. For if any reasonable 
values of the accelerations and 
couples are inserted, the two sides 
show disparities by factors of the 
order of 10'". Urey did not, 
indeed could not, make any 
calculations from such equations, 
and did not find a rate of 
contraction, nor any values of the 
lunar and solar couples. Thus 
Runcorn taking it on himself to 
assign priority for the correct 
theory to Urey in 1952 is without 
foundation. 
R. A. Lyttleton 
Institute of Astronomy 
University of Cambridge 

Page boy 

I wish to complain about the 
change in pagination of New 
Scientist from numbering within 
each volume to numbering within 
each issue, as the result oi this is 
that it is no longer possible to 
refer to an article simply by 
volume and page number. This 
then results in a longer reference, 
as the issue number has to be 
included, and greatly increases the 
possibility of mistakes and 
confusion between different issues. 
In my opinion, this is a backward 
step and should be rectified as 
soon as possible. 
J. A. A. Johnson 
Tonbridge, Kent 

Echoes of TV 

Barry Fox (Technology, 12 
January, p 22) gives a very lucid 
account of current moves towards 
stereo sound with television. The 
BBC has been distributing sound 
to television transmitters by the 
Sound-in-Syncs method for over 
10 years, an investment which has 
paid off very handsomely in the 
saving of separate sound line 
costs. We have not really been 
keeping "tactfiilly quiet" about the 
problem of dual-channel sound, 
but have been busy with the 
design of a new form of Sound- 
in-Syncs for this purpose. 

The new equipment will 
accommodate two channels for 
stereo or dual language sound and 
incorporates the latest advances in 
digital sound coding on our 
NICAM 3 system. The 
development has reached the stage 
of tests using prototype equipment 
over practical circuits. We shall, 
therefore, be able to move into 
stereo working at least as easily as 
other broadcasters, 
r. B. McCrirrick 
Director of Engineering 
BBC, London 

We welcome letters from our 
readers. Short communications 
stand the best chance of publicatioo. 
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CLASSIFIED ADVERTISEMENTS 



Line Rate £3-95 per line 

CM Rate £19-80 per single column cm 

A charge of £1 is made for the use of a Box 
number 

All Box No. replies should bo sent to 



Pleaie send your adveitiwment to 
Gassified Advntiseineiit Dqnrtment 

NEwscnwnsT 

Commonwealth House 

119 New Oxfoid Street. LcHidon WCIA ING 
Telephone: 01-404 0700 

TclcN ^■74S MAGDIX' O 



Classified Advertisement Manager 
Eric Nithsdale 
Advertisement production 
Tim Hartney 

The deadline for classified ad\ertiscmenls 



App(»intments and situations vacant 




CTC International undwtalws human studtes to » 
cutaneous irritance, aa nsHi aa tion potantial and the eflieacy 
and acceptability of a wide range of products. 

SCIENTIFIC REPORTS WRITER 

c£7000-£8500 

We require a biological or cosmetic sciences graduate, aged 

25-35, for this newly created position. 

The successful applicant will be principally involved in writing 
reports on a variety of human studies. You will have some 
responsibility for the development of new protocols for safety and 
efficacy testing of consumer products. Attendance at appropriate 
conferences will be encouraged. 

Previous relevant experience Is essential as no formal training 
will be given. The person appointed will be expected to make an 
early, significant contribution to the efficient producton of fully 

comprehensive and accurate reports. 

The salary offered will depend on relevant previous experience, 
and will be In the range £7000-£8500. Other benefits Include 
membership of BUPA, Staff Pension Scheme, accident insurance 
and life assurance cover, four weelcs' holday per year, rising to 
five with service. 

Plaaaa aand curriculum vitaa to V. C. Cianients, CTC Inter- 
national. Railway House, 31 -34 RaUway Straat, Chaimsfbrd. 
Essex. 

CTC International 




QUALITY ASSURANCE 
MANAGER 

SOUTH BUCKS £12,000 

Our Client, one of the leaders in high technology electro- 
chemical medical devices wishes to expand their management 
team to meet continued growth. 

Reporting to the Board, areas of involvement will Include — 
interface with other senior management, liaison with the Dept of 
Health and the FDA and representing the company at senior 
level. You should be a Science Graduate in Microbiology or 
Chemistry with experience of running OA. 

In return you can expect an attractive salary, career prospects 
and the additional benefits expected from joining a successful 
expanding company, including relocation assistance where 

appropriate. 

Please contact Stephen Salt 
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Management Personnel 

RMrultment Selection 6 Snith 
2 Eton Court, Eton, Windsor, BerVshire. 

Telephone: (075351 54256 



UNIVERSITY OF SnWTHClYDE 

DEPARTMENT OF 
BIOSCIENCE AND BIOTECHNOLOGY 

RESEARCH 
ASSISTANT 

Applications are invited for a three 
year. SERC-fundad ftesearch Assis- 
tantship for woHc on a project 
investigating the synthetic activity 
of hydrolytic enzymes in predomi- 
natly organic reaction mixtures with 
low water ooment. The main study 
will be of peptide synthesis by 
proteases, monitored using HPLC. 
Applicants should have a degree, or 
equivalent experience in chemistry, 
biochemistry or a related subject 

Appointment on range IB (£6310- 
£8530 pa) of the national sal«Y 
scale for research staff. USS 

benefit. 

Applications (quote ref: R3/84) with 
full cv and the names and addresses 
of three referees should be sent to 
Dr P. Hailing, Department of 
Bioscience and Biotechnology, 
University of Strathclyde, 204 
George Street, Glasgow G1 1XQ, 
from whom further nfbimation is 
available. 

Closing data for appRcatkms: 2 
March, 19845 



QUAUTY CONTROL TECHNICIAN 

An additional technician is required in the Quality Control 
department of the British subsidiary of a Swiss based producer of 
fragrances and flavours. 

Candidates should be qualified to Higher TEC or equivalent in chem- 
istry and have a grasp of statistical quality control. 
Previous experience of fragrances and flavours is not necessary 
although the person appointed Is likely to have woriced in the chem- 
ical, pharmaceutical, food or electronics industries. 
In addition to salary the compeny provides excellent benefits includ- 
ing non-contributory pension. 

Please apply to Mr M. A. Hall, Personnel Manager, Givaudan & Co 
Ltd, Godstons Road, Whytsteafe, Surrey. Tel: 08832 2241 . 



PROTEIN BIOCHEMIST 

A senior biochemist is required to join a team working on scrapie and the 
related unconventional slow infections ol the CNS. The appointee will be 
expected to develop and lead an innovative research programme to 
characteries (a) the infecious unit of scrapie (b) a gnw pnxtaKt controUing 
the disease (C) cerebral amyloid and (d) scrapie-associated fibrils. 

Applicants should have a good honours degree in ehemislry or 
biochemistry and a PhD or the equivalent. A considerable proven research 
record in protein Uochemistry is essential, preferatrty with experience in the 
analysis of hydrophdjic proteins. The appointment will M as Principal 
Scientific Officer with salary in the range £11 343-£14931. 

Applications giving full curriculum vitae and names of two referees to 
The Secretary, AFRO MRC Neuropathoeeneas Unit, West Mains Rd.. 
Edinburgh EH9 3JF. 



UNIVERSITY COLLEGE 
LONDON 
DcpMiiiisnt of CotnpiiMi* Sotanoft 

Research Assistants 

The department has vacancies for 
rasearot assistants on gram-lundsd 

projects in the following areas: 

Comptrter Netwoifcs 
To research into new protocolB for 
distributed office sterns. The 
project is based on the Cambrid ge 
Ring local area networic. 



This work invalves a critical survey 
of existing distributed database 
architectures followed by the imple- 
mentation of a prototype system. 
Research experience in the data- 
base area would be desirable. 

A first degree is required, preferably 
in Computer Science. Experience 
with UNM and C would be daairabla. 

Salary scale t8376-C12801 JM, 
inc. London Allowance, acconing 
to age and experience. 

Apply to: The Secretary, Ref. RA, 
Department of Computer Science, 
University College London, Gower 
Street, London WC1E 6BT; 
enclosing a full cv and the names of 
two referees. 



Copyrighted material 
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SCIENTIST 

CONTACT LENS RESEARCH 

The Research and Development Division of Hydron Europe 
Limited, leading British contact lens manufacturers, requires a 
Scientist to join its growing team. The Division is multi- 
disciplinary and the successful applicant would work with 
personnel qualified in Chemistry, Engineering, Mathematics and 
Optometry. Specific responsibilities are in the design of contact 
lenses fabricated from novel materials and utilising special 
manufacturing techniques. 

Applicants should be graduates in Physics or Mathematics with 
a PhD, or equivalent experience, who have specialised in optics 
or visual science and also have some experience in computing. 

The division is situated at present in Farnborough, but will be 
moving in the next few weeks to a new purpose built facility just 
a short distance away in Camberley, Surrey. 

Benefits include four weeks holiday, private medical cover, life 
assurance and sick pay schemes. 

Please apply, in writing, to 
LYNNE GREEN 
Personnel Manager 



HYDROIM EUROPE LTD 

Hawiey Lane, Farnborough, Hampshire. Tel: Farnborough 516151 



BLOOD PRODUCTS LABORATORY 

Applications are invited for a new permanent position in the Research and Development Department and 
also the Analytical Chemistry Section. The Laboratory, administered by the Central Blood Laboratories 
Authority, fractionates plasma from the National Blood Transfusion Service to produce protein concen- 
trates for clinical use within the National Health Service. 

Technician— 
R&D Department 

(BPL/RD/T4) 

A person is required to join a small team working on projects related to the design of economic 
fractionation processes for Factor VIII, and safety aspects of clinical concentrates. Applicants should 
possess a B. Sc.. or its equivalent in life sciences (preferably Biochemistry); a knowledge of coagulation 
factors or experience in protein purification would be an advantage. 

Technician- 
Analytical Chemistry Section 

(BPL/QC/1 ) 

Candidates must be qualified to a minimum of HNC chemistry and should have some experience, and 
aptitude for, chemical analysts. The duties involved vary but are, essentially, routine testing of therapeutic 
preparations from human plasma and of chemicals used in their production. 

Salaries for both posts will be in the range of £4823-£7896 plus a London Weighting allowance of £149. 
Application forms and job descriptions are available from Mr B. D. Taylor, Blood Products Labora- 
tory, Dagger Lane, Elstree, Herts. Telephone 01 953 6191 . Please quote appropriate reference. 
Closing date for application: 24 February 1 984. 



WANDSWORTH HEALTH 
AUTHORITY 

St George's Hospital. Electronics 
Maintenance Unit 
ELECTRONICS MAINTENANCE 
TECHNICIAN 
Grade MPT ill or IV 

There is a vacancy in this small 
Electronics Maintenance Unit that 
provides vital repair and mainte- 
nance services over a whole range of 
patient connected electronic equip- 
ment and to some works electronics 
equipment. 

For the person appointed, both an 
OTECH in electronics (or equiv- 
alent) and experience in servicing a 
wide ranjge of electronic devices and 
systems is essential. A knowledge of 
patient orientated electronic equip- 
ment would be particularly 
desirable. 

Salary: MPT III £6132-£7926 plus 
£1042 pa London Weighting. MPT 
IV £5171-£6798 plus £1042 pa 
London Weighting. 
For appointment to Grade III at 
least three years relevant experi- 
ence is necessary. 

For further information, please 
contact Mr B. Bywaters. on 01-«72 
1255. Ext 4091. 

Application forms and job descrip- 
tions are available from Mr B. 
Sorrell, Personnel Officer, St 
George's Hospital. Blackshaw Road. 
Tooting SW17 OQT. Tel: 01-672 1255. 
Ext 4121. 

Closing date for receipt of applica- 
tions, 24 February. 1984. 



IMPERIAL COLLEGE, LONDON 

RESEARCH ASSOCIATE IN 
SOLID STATE THEORY 
The Physics Department of Impe- 
rial College has an SERC post- 
doctoral position available from 1 
October, 1984 in the SoUd State 
Theory Group for studying inter- 
action of electrons with disordered 
surfaces. The Group has an exten- 
sive programme of work currently 
in progress which ranges from 
Anderson localisation in 2D systems 
to electron diffraction from disor- 
dered systems. The post will be for a 
period of three years with salary at a 
point on the lA scale (£7190-£11 615) 
plus London allowance of £ 1 186. For 
further information contact the 
Head of the Solid State Theory 
Group, John Pendry. The Blackett 
Laboratory. Imperial College, 
London SW7 2BZ. (Tel 01 589 5111 
Ext 2304.) Applications should 
include a curriculum vitae. list of 
publications and the names of at 
least two referees. Closing date: 9 
April. 1984. 



THE CITY UNIVERSITY 
Department of Chemistry 
TEMPORARY RESEARCH 
ASSISTANT 

Applications are invited for the 

above post for a period of six months 

with a possibility of an extension for 

a further six months. 

The work will be concerned with the 

synthesis of some new organic 

compounds. 

Applicants should have some 
experience in carrying out organic 
preparations and possess an HND in 
chemistry or equivalent. 
The salary will be within the range 
£5912 to £6544 per annum inclusive. 
To apply please contact Ms Jane 
Cameron. Personnel Recruitment 
Assistant, The City University, 
Northampton Square. London 
EClV OHB. Tel 01-250 1107 (24 hour 
ansaphone). Closing date for receipt 
of applications 24 February, 1984. 
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Research Chemists - 
Inhalation Products 

Glaxo is internationally renowned for its aerosol products. Ventolin, Becotide and 
Beconase. We intend to maintain our lead in this area with important new products, some 
of which are already in their advanced stages. 

We now wish to make two new appointments to our Aerosol Development Unit, a multi- 
disciplinary team which plays a key role in bringing new inhalation products to the market 
place and supporting existing products. 



Physical Chemist 



up to £15,500* 



We wish to appoint a physical chemist to be responsible for defining the physico-chemical 
requirements of product formulation and manufacturing processes. You will carry out 
fundamental investigations to establish the underlying scientific principles governing drug 
particle stability in aerosol systems, in particular the interaction of drug particles with 
aerosol components. Your recommendations will have an impact on product and 
manufacturing s[>ecifications. 

You should be a graduate with at least 2 years' experience in the areas of surface and 
colloid chemistry, with the knowledge and ability to provide in-depth expertise in this field. 
•The initial salary range for this position will be £8,700 - £15,500 inclusive of all 
allowances. Ref . PC 1 . 



Polymer Chemist 



£8J00-£1Z05O* 



We seek a graduate with practical experience in the field of rubber and pxDiymer technology. 
You will undertake research and development work to determine the influence of polymer 
type and quality on the performance and stability of aerosol products, and play an important 
role in defining manufacturing standards and procedures. 'The initial salary range is as 
quoted above inclusive of all allowances. Ref. PC2. 



Glaxo 



Both positions call for the ability to communicate effectively with colleagues of varying 
disciplines within the research and manufacturing companies and in outside organisations. 
Starting salaries will be in the ranges quoted and will dep>end upon experience. Our 
excellent benefits package includes non-contributory pension and life assurance and 
participation in Glaxo Group profitability. Generous relocation assistance will be available 
if appropriate. 

Please write or telephone for an application form to Dr D. J. Humphreys, Senior 
Personnel Officer, Glaxo Group Research Ltd., Ware, Herts. SGI 2 ODJ. Tel: Ware 
(0920) 3993, quoting the appropriate reference number. 



Group Research Ltd. 



BRITISH LEATHER 
MANUFACTURES RESEARCH 
ASSOCIATION 

Openrngs of interesi lo graduaies for inter- 
disciplmary research rolai)r>g to impfoving ihe 
performance of leather 

A. Applicattons of optical and electron 
mtcroscopy to invest>gaie aspects of fibre 
ftoencfl rAlatir>a the *nfi\imnc» of ir>rtu8in«l 
processes on the structure and performance 
of leather 

Probable disaplme, btology. necroscopy, 
materials science. 

B. Protects relating to t^>e stabilisation of 
coHagen by reaction with transition metal 
complexes Experience in the use of X-ray 
tectviiques tnay be useful. 

Possible disciplines, co-ordination chem- 
istry, physics, materials science 

For botti posts applicants should have an 
enquinng mind, be wiUir>g to work in both the 
laboratory and m member tanrwnes They will 
probably have 2-S years experience and THjst be 
able to prepare wntlen reports in ^ooA English 

Commencing salary withm range C&0S0~C6B8O 
plus excellent pension package 

Write sending CV and a staiemeni indicating wfry 
the particular pofiilion interaat* you. and what 
you can offer to: 

Director 
BLMRA 

Kirtgs Park Roed 
Moulton Park 
Nonhampion NN3 1J0 



INTELLECTUAL 
PROPERTY 

We are a firm of solicitors and wish to recruit a science 
graduate wtw is either qualified or prepared to qualify as a 
solicitor, for a position in our intellectual property 
department involving litigation and contractual matters with 
considerable technical content. Some prevkxis knowledge of 
patent law woukj be an added tx}nus. 
The right applkiant might well be a chemistry graduate, 
although those with experiefKe in other disapJines retevant 
to our dients in industry could be equally suitat)le. 
If appropriate, we wouM be willing to help support the 
successful applkant through his period of qualifk:atkxi as a 
solk:itor. 

Please send details to Mrs V. Farrants, 
Partnership Secretary 

McKenna & Co 

INVERESK HOUSE. 1 ALDWVCH. UDNDON. WC2R OHF 



Progressive Careers in the 

Pharmaceutical 
Industry 

If you arc a Lift Science Graduate 
aged 24-30 and arc looking for 
a rewarding and chaHenging career 
wc have nuny opportunities in: 

1. MEDICAL SALES 

(Throughout the UK) 

2. CLINICAL TRIALS 

(Experienced) 

3. MEDICAL INFORMATION 

(Drug Registration— «xpd) 

For full details and a local 
interview phone 

01-405 0725 or 01-831 6471 

SdnrtlficSUifr 
CoMvltaats, 
Sa LlMobi's las FMd*. 
LoadoatWCZ 
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Information 
Specialist/ 
Information Officer 



The Research Department of ICI's Plant 
Protection Division requires an Informa- 
tion Officer to work with one of our 
exploratory research teams. A signifi- 
cant additional part of the job (up to 
50%) involves the development of new 
information services. 
Your work will involve you In the 
construction and implementation of 
programmes for training scientific staff 
to search selected ICI and public data- 
bases. 

You may also be involved in maintain- 
ing the quality of certain ICI databases, 
and in exploring opportunities for the 
construction of personal bibliographic 
computer files. You will be worxing 
alongside four colleague information 
officers on these developments, each 
working in their own Research Team but 
you should be capable of taking imme- 
diate overall responsibility for some 
issues. 

As Information Officer you will be 
expected to become a full member of a 
research team, and sufficiently 
conversant with Its objectives to apply 
your own judgement to required 
searches and information compilation. 
You must be familiar with searching 
chemical structure and bibiographic 
databases and a knowledge of patent 
information retrieval would be an 



advantage. Candidates who are capa- 
ble of intensive analysis of chemical 
IKitents in support of patent agents will 
be preferrea. 

Starting salary will depend on experi- 
ence and level of responsibility and 
could be up to approximately £ 1 2 000 
pa. Ottier fringe benefits include 
membership of a profit sharing scheme 
and pension fund. 

Jealott's Hill Research Station is located 
in pleasant surroundings between 
Bracknell and Maidenhead. There is a 
staff restaurant, recreation club and 
shop on site. 

Candidates should apply no later than 
2nd March, to the address below, 
giving a cv covering details of their 
career to date with all relevant experi- 
ence. They should also indicate why 
they are particuloriy interested in this 
job and any other special skills which 
might aid its development. 
Personnel Department, ICI Plant Protec- 
tion Division, Jealott's Hill Research 
Station, Bracknell, Berkshire. 
Please quote reference: 84/CDST. 



Plant Protection 
Division 




Senior Analyst 
Quality Control 



We have a vacancy for a Senior Analyst 
in our Quality Control Department wiiich 
is responsible for maintaining the high 
standards of every stage in the research 
and manufacture of drugs. 

Candidates should either be graduates 
with several years' experience in ana- 
lytical chemistry, preferably in the 
pharmaceutical industry, or new PhD's 
with some analytical experience as part 
of their post-graduate studies. The 
person appointed would be involved in 
analytical development on new research 



compounds. 



Conditions of Service are excellent and 
include a Christmas Award, 23 days' 
annual holiday, free life assurance and 
BUPA membership, subsidised res- 
taurant and contributory pension 
scheme. 

Please send curriculum vltae to Mrs M L 
Clewley, Personnel Officer, or telephone 
Mrs D Turner, Welwyn Garden 28128, 
extension 2129, for an application form. 

Roche Products Limited, P O Box 8, 
Welwyn Garden City, Herts, AL7 3AY. 




SOUTH MANCHESTER HEALTH 
AUTHORITY 
Christie Hospital and 
Holt Radium Institnte 
Pateison Laboratories 
A vacancy exists at 
POSTDOCTORAL LEVEl, 
within a group devoted to the study 
of the epithelial cells of a variety of 
tissues. The Interests of the group 
centre on the cellular organisation 
of proliferation in a wide range of 
surface epithelia (slcin, oral mucosa 
and gastrointestinal tract), the 
mechanisms involved in the control 
of cell proliferation and differ- 
entiation and the malfunction of 
these controls that result In cancer 
and other proliferative disorders. 
We are particularly concerned in 
bringing new scientific interests 
Into the group and add to the wide- 
ranging approaches that are 
ciirrently used. Fields of particular 
interest include epithelial cell 
culture, flow cytometry, mono- 
clonal antibodies and molecular 
biology. The successful candidate 
would toe able to develop tils own 
area of study within the overall 
framework and under the general 
guidance of Dr C. S. Potten the 
group leader. Potential projects 
could include the use of epidermal 
cultures to analyse control factors, 
the Identification of early differ- 
entiation events in epithelial tissues 
and their relationship to carcinogen 
target cells. 

The work is supported by grants 
from the Cancer Research 
Campaign and the position would l>e 
tenable for ttiree years with the 
possibility of renewal. 
Applicatioris should be made to Dr 
C. S. Potten, The Paterson Labora- 
tories, Christie Hospital and Holt 
Radium Institute, Winslow Road, 
Manchester M20 9BX, and include a 
curriculum vitae, the names of two 
academic referees and outline of 
interests in connection with the 
work described above. 

UNIVERSITY OF BIRMINGHAM 

Department of Chemical 
Engineering 

PROJECT COORDINATOR 
(Post Doctoral Research Fellow) 
to work in the area of 
Heat Transfer and Natural 
Convection 

Applications are invited for the 
above post. The work involves 
experimental and theoretical 
fundamental studies in the field of 
buoyancy driven convection in 
complex geometries with novel 
fluids. The work will be carried out 
in collaboration with the Atomic 
Energy Research Establishment at 
Harwell. All of the experimental 
work and much of the theoretical 
work will be done at AERE Harwell. 
The post will also involve coordi- 
nation of the research effort of the 
University team located at Harwell. 
Candidates should possess a good 
honours degree in one of the 
engineering disciplines (preferably 
mechanical or chemical), and have 
carried out postgraduate work in 
the fluid mechanics or heat transfer 
area. A good experimental back- 
ground Is also desirable. 
Post tenable for up to three years. 
Salary scale £7190-£11615 plus 
superannuation. 

For further particulars, telephone 
021-472 1301, ext 2559, quoting Ref 
Tl. 

No formal application form. 
Three copies of application, includ- 
ing full curriculum vitae and 
naming three referees to Assistant 
Registrar (Science and Engin- 
eering), PO Box 363, Birmingham 
B15 2Tr, by 24 February, 1984. 
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SS 



The Royal Navy is looking for engineering 
or science graduates to work at the sharp end. 



Since you'll be responsible for equipping ratings 
and Officers with the expertise needed to handle high 
technology, it's a very sharp end indeed. 

The Royal Navy has some of the most advanced 
technology in Britain. It'll be your task to make sure we 
get maximum value from it. Not surprisingly, we're 
looking for talented people. Yourjob is entidedlnstructor 
Officer but there's much more to it than teaching. 

Of course, your most important task will be 
to provide the Navy with the training expertise that it 
needs at all levels up to post-graduate,butyou can diversify. 
For example, with a science background you could well 
find yourself being trained to provide the Navy with 
oceanographic and meteorological forecasts ashore 
and afloat. Or you could be selected for computer 
systems training and eventually be teaching and work- 
ing on advanced computer systems. 

As an Officer you will also have an important 
management role, and be involved in organising the 
social and sporting life of the Navy. We'll also ask you 



to take charge of the general education of serving 
Officers and men. An Instructor Officer's job is a vital 
one and a starting salary of up to /]11,298 will show 
you how much importance we put on it. 

■\^'ll give you plenty of opportunities to enhance 
your professional qualifications and experience includ- 
ing post-graduate courses and research. So if you want 
to make the most of your Engineering or Science 
qualifications, and you're not looking for a 9-5 job, 
talk to us. Similar opportunities exist for women who, 
as WRNS Officers, may serve as Instructor Officers. 
You should have a degree in Engineering (Electronic, 
Electrical or Mechanical), Physics, Maths or Computer 
Sciences. You must be a UK resident, 
ideally 28 or under (25 for women). 

You don't need to be a teacher, we'll 
teach you. For more information, write 
to: Lt Cdr A.J.Prosser,BSc,RN,Dept. 
298, Old Admiralty Building, Spring 
Gardens, London S Wl A 2BE. ROYAL NAVY 

OFFICER 




Chemical Analysts 



£7000-£8000 + Shift Allowance 



Enfield, Middx 



The company is a leading pharmaceutical manufacturer and 
major supplier to the NHS. 

Successful applicants will provide a quality assurance service 
throughout the factory, which operates on a 24-hour 
continuous process basis. 

Candidates ideally aged 21-40 will have an HNC/BSc 
Chemistry qualification, supported by practical analytical 
experience. 

Contracts are initially for a 12 months period with possible 
permanent appointments to follow. Basic salary will be within 
the range £7000-£8000 plus a shift pay allowance of 
approximately £3000. 

Write with full cv to 
Tony Culpin, PER, 
4/5 Grosvenor Place, 
London SWIX 7SB 




ROBOT 
SENSOR 
ENGINEERING 




META MACHINES LTD 

Meta Machines Ltd. is a recently established robot system company with a leading position 
in vision guidance of industnal robots. The company's first product is based on research 
completed by members of the Oxford University Robotics Group who now form the core 
of Meta Machines Ltd. The company is substantially funded and is starting several 
advanced projects in the area of robot sensors and control. As a result, many challenging 
opportunities for employment currently exist including: 

VISION AND CONTROL RESEARCH SCIENTIST 

PRODUCTION SOFTWARE MANAGER 

APPLICATION DEVELOPMENT ENGINEERS 

ELECTRONIC DESIGN ENGINEERS 

JUNIOR SOFTWARE/ELECTRONICS ENGINEERS and TECHNICIANS 

An exceptional renumeration package has been prepared for the outstanding qualified 
applicants. For further particulars of these positions please write to: 

P. G. Davey and E- T. Hudson 
Meta Machines Ltd. 

1 9 Parks Road 
Oxford OX I 3PJ 



TRANSLATORS (Russian to 
English). Publisher of major Soviet 
scientific and technical research 
journals in English translation 
requires qualified translators in 
the following areas: electrical 
engineering, energy technology, 
aeronautics, machine sciences, 
superard materials, friction and 
wear. Applicants must have a tech- 
nical background in the field of 
translation. Ongoing assignments 
available. Application with curric- 
ulum vltae to: Box D787 NETW 
SCIENTIST. 



TRANSLATOR/EDITOR 

We are a leading translation company with over 25 years' experience in the 
pharmaco-medical field. We need to increase our output capacity and are 
looking for a person with suitable qualifications and/or experience, English 
mother tongue and sound knowledge of German to join our team, working in 
an informal and stimulating environment. The work involves processing 
translations in all branches of medicine and pharmacology, including 
research reports, manufacturing specifications and published literature. 
Salary according to qualifications and experience, subject to annual review, 
plus sundry benefits Apply in writing to: 

Dr A. M. A. Mincer, Chief Editor 
AD-EX (TRANSLATIONS) LTD 
P.O. BOX 428, 296 KINGSTON ROAD, LONDON SW20 8LZ 



NORTHUMBERLAND WILDLIFE 
TRUST 

CONSERVATION LIAISON 
OFFICER 

Applications are invited for the 
above vacancy from graduates. 
Salary £5000-£5500 depending on 
experience. The appointment will be 
for 18 months in the first instance 
to complete a three-year contract. 

For full details send a large SAE to 
The Hon Secretary, Northumber- 
land ■Wildlife Trust, Hancock 
Museum, Newcastle upon Tyne 
NE2 4PT. 



56 



New Scientist 9 February 1984 



Systems 
Engineers 

Here at British Aerospace Dynamics Group in Stevenage we are proud of our 
record of achievements in the field of sophisticated Guided Weapon Systems. 
Upon this record of success we are building for the future. Linked with our order- 
books, which stretch well into the 1990's, the Company has established a small 
team of Systems Engineers to develop a new air defence system using the latest 
design to cost techniques. 

Suitable candidates will, ideally, be in the age range 23-38, qualified to degree 
standard in Applied Physics, Computer Science, Mathematics, Electrical/ 
Electronic, Control or Aeronautical Engineering. 

Previous experience in one or more of the following areas is desired but not 
essential:- 

• Mathematical modelling. 

• Performance analysis of complex control systems. 

• Sensor performance (Radar, TV. and Laser). 

• Real time processing. 

• Trials definition and analysis. 

Where necessary, on the job training can be given but applicants must be able to 
demonstrate a basic understanding and enthusiasm for systems engineering. 

We can offer competitive salaries, commensurate with the level of appointment, 
together with conditions of service appropriate to a majorengineering organisation. 
Where appropriate, a generous relocation package will be made available to 
selected candidates. 

If you feel that you can meet the challenge that these positions offer, 
please write or telephone for an application form to:— Mr N. J. Griffiths 
(Ref. C529A) Personnel & Training Department, British Aerospace 
PLC, Dynamics Group, PO. Box 19, Six Hills Way Stevenage, 
Herts SG1 2DA. Telephone: Stevenage (0438) 312422 Ext. 2972 
(out of office hours Stevenage 312878) 



Stevenage Division 



Unequalled in its range of job opportunities; 




HAILEYBURY COLLEGE 

HERTFORD 

Physics 

A GRADUATE to teach Physics at 
all levels is required for April or 
September. Ability and willingness 
to assist in the supervision of elec- 
tronics projects and in the inter- 
facing of computers with scientific 
experiments would be an advan- 
tage but is not essential. He or she 
would also have the opportunity to 
contribute outside the classroom in 
the life of a predominantly 13-18 
year old boarding school. Salary on 
the Haileybury scale (above Bum- 
ham). Accommodation likely to be 
available. Further details, and 
applications, with curriculum vitae 
and the names of at least two 
referees, made to: The Master, 
HaUeybury, Hertford SG13 7NU. 
Tel (0992) 462352. 



NORTH WEST WATER AUTHORITY 
RIVERS DIVISION 

SCIENTIFIC OFFICER (CHEMIST) 

(£7290 - £9033) 

Based at Carlisle, you will undertake the chemical and physical 
analysis of surface waters, groundwaters, sewage effluent and 
trade wastes, and report the results in accordance with daily and 
weekly work schedules and safety procedures. You should be 
qualified to degree level in chemistry, although consideration will 
be given to holders of HNC (or HND) in chemistry, who have 
considerable analytical experience. 

Application forms for the above post and job description from the 

Personnel Officer, Rivers Division, North West Water Authority, 

New Town House, Buttermarl<et Street, Warrington. Tel 

Warrington 53999 Ext 324. 

Closing date for applications 17 February. 1984. 

The Authority is an equal opportunity employer. 



THE ROYAL FREE HOSPITAL 

Medical Electronics Department— 

MEDICAL PHYSICS 
TECHNICIAN III 

Salary on scale £7 1 74-C8968 inci 
An Electronics Technician is 
required to assist with the 
development and maintenance of 
electronic circuits and systems. 

Applicants should hold the Ordinary 
Tec Certificate in appropriate 
subjects or an equivalent of higher 
qualification, and have good 
practical experience in the design 
of electronic circuits using state- 
of-the-art techniques Quote ref 
0758. 

Department of Psychological 
Medicine 

An electronics engineer with experi- 
ence of microchip technology and a 
major interest in microprocessors 
and computing is required to be in 
day to day charge of the electronic 
and computing laboratories in 
the Department of Psychological 
Medicine. 

The department is well equipped 
and is actively engaged in col- 
laborative research developing 
electronic and microcomputer 
applications in Psychology and 
Psychiatry. 

The post is one of three and the 
salary scale will depend on the 
applicants qualifications and experi- 
ence. Quote ref 1721. 

Application form and job descrip- 
tion available from the Personnel 
Dept., Royal Free Hospital, Pond 
Street, Hampstead NWS. 

Tel (01) 794 0500 ext 4286. 
Closing date 9 March. 1984 

HAMSTEAD HEALTH AUTHORITY 



UNIVERSITY OF LEICESTER 
Department of Astronomy 
POSTDOCTORAL RESEARCH 
APPOINTMENT 

An SERC-supported Postdoctoral 
Research post is available for work 
on the determination of the geoid 
from satellite altimetry data. The 
project is linked with the UK inter- 
est in satellite laser ranging, and is 
intended to assist UK participation 
in future satellite altimetry 
programmes. The person appointed 
will be based in Leicester, but will 
collaborate with workers In Oxford 
£uid at the Institute of Oceano- 
graphic Sciences. 

Applicants should have an appro- 
priate background in physics or 
mathematics and Interest in 
geophysics and geodesy. The post is 
tenable for three years at a starting 
salary up to £8080. The appoint- 
ment Is to be taken up, if possible, 
on 1 April, 1984. 

Applicants should send a curricu- 
lum vitae, together with any other 
relevant infoiroation, and should 
arrange for two referees to write in 
their support. Applications and 
references should be received 
by 2 March, 1984 and should 
be addressed to Professor A. J. 
Meadows, Astronomy Department, 
The University, Leicester LEI 7RH, 
to whom any enquiries should also 
be directed. 



aerial 
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BIOCHEMISTS 

£7000-£10 000 + car 

Do you think you could sell? 

Several of our Client Companies marketing diagnos- 
tic reagents and scientific equipment used in both 
routine and research laboratories are seeking young 
outgoing biochemists aged (21-32) with relevant 
working experience to promote their products into 
research and hospital laboratories. 

Vacancies exist in the following product and 
geographical areas: — 

EMIT/ELISA LONDON/H. COUNTIES 

AND RIA. KTIS S. WEST/WESSEX 

TRENT/E. ANGUA 
BLOOD GAS ANALYSERS/ S. EAST U.K. 
FLAME PHOTOMETERS MIDLANDS/N. WEST 

SaNTlLLATlON/ISOTOPlC LONDON/H. COUNTIES 
COUNTERS/CONSUMABLES N. WEST/YORKS 

AND SURROUNDING 
SPECTROPHOTOMETERS/ LONDON/H. COUNTIES 
HPLC EQUIPMENT MIDLANDS/YORKS 
These are but a few of the openings we currently 
have available. 

Do not hesitate, ring F. Maranelli or C. Randall now 
on 01-242 4266 or 01-831 6471. 

Scientific Stafl' Consultants 
50 Lincoln's Inn Fields, London WC2 




CHEMISTS 

SURREY 

Serono Diagnostics, which is pan of a successful international 
organisation, is engaged in the development of immunoassays for 
the clinical diagnostics market. The company will shortly 
complete its relocation to new premises in Woking, Surrey. Major 
expansion of the research group necessitates the recmitment of 
two innovative Research Chemists to work on the development 
of immunodiagnostic reagents within a highly sophisticated R & 
D group. Candidates for each vacancy must be PhD's with appro- 
priate experience. 

Synthetic Organic Chemist 

To undertake the microscale modification and purification of small 
hormone molecules and their analogues. Applicants should have 
broad experience of organic synthesis and HPLC, as applied to 
biologically active molecules. 
Ref. R841 

Protein Chemist 

To work on the chemical manipulation of monoclonal antibodies 
and enzymes. Previous experience of enzyme labelling techniques 
is essential. 
Ref. R842 

Successful applicants would be involved in all stages of reagent 
development and would provide a source of expertise to other 
members of the research group. Competitive salaries will be 
offered, dependent on experience, together with substantial 
company benefits. 

Written applications with full CV should be sent to Diane 
Woodger: 



(Serono) 

^ DIAGNOSTICS 

Serono Diagnostics Ltd 
263-269 City Road 
London EC1V 1JX 



BIOTECHNOLOGY 



SENIOR 
INFORMATION 
OFFICER 



CELLTECH is one of the World's^leading 
specialist biotechnology companies. 
Based in the UK, the company is backed 
by major City of London financial institu- 
tions. A strong scientific team has now 
been built up in the areas of recombinant- 
DNA and cell-hybridisation and con- 
tinued expansion is envisaged; close 
links are also maintained with the aca- 
demic community. The company aims to 
exploit the potential of discoveries aris- 
ing in the field of biotechnology, and 
commercial successes have already 
been achieved in several areas. 

A vacancy has recently arisen in our 
Information and Library Service for a 
Senior Information Officer. Duties will 
include management of an in-house 
Prime minicomputer-based information 
retrieval system, scanning current scien- 
tific and commercial literature, online 
searching, etc. 

The successful candidate (probably 
aged 25-30), will join a team of five based 
within our Business Development func- 
tion. A degree is essential (preferably in 
biochemistry or microbiology), possibly 
some experience of scientific research 
work and 2-5 years' industrial information 
work. An MSc or other higher qualifica- 
tions would be desirable. A competitive 
salary is offered plus a good range of 
fringe benefits. 

This is a demanding position and we are 
looking for a unique blend of professional 
skill, management potential, relevant 
knowledge and dynamic dedication! 

If you think you fit the bill, please send a 
full C. V. and details of current saleiry 
(quoting reference niunber 196), to Jane 
WaUey. Celltech Limited, 244 Bath 
Road, Slough, Berks. SLl 4DY. 

CELLTECH '^C^ 
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Agricultural Science Service. 



A&RICULTURAL SPECIALISTS 

Wide-ranging opportunities 
of vital national importance 



The main aim qf tha Agricutture SaNc* of ADAS isto 
incnaaa pnduclnity in th* fHming Mnatn^ Tin 
acMavad by tha proviaion of tachnisai and aconomie 
infdnnatiaiiand advice on agriGullural and horticuhunl 
production and by promoting tha results of 
investigational and development work undertaken by 
the Service. The monitoring of current trends in the 
industry and the provision of accurate information on 
the farming scene is an important supplementary 
function Vacancies for Advisory Officers exist in 
various parts of England and Wales in the following 
disciplines: 

AGRICULTURAL ENGINEERING 
Vbu wl provido advice tofinners end gmwere on el 
aapeeta of machanlaation and encourage the adoption 
of motiwds loedhig to greater productivity. Than are 
opportunitieafbr apedalisation and for aome reaaarch 
end development work. 

AGRICULTURE 

As an Agricultural Advisory Officer, located in one of 
the Ministry's Divisional or Area Offices, you will be In 
close touch with farmers. You will provide advice, 
promote new technology and carry out investigational 
Studies leading to improved farm practice. Other 
responsibilities include writing technical articles for 
tha Praas and otiwr publcationa, organising 
promotional event* and techniol edm l nietr a iion of 
certain statutory schemes. 

DAIRY HUSBANDRY 

The work involves technical supervision of the 
production and handling of milk on farms under the 
Milk and Dairy Regulations. In addition, you would 
advise dairy farmers on many aspects of husbandry and 
technology of milk production. Promoting new 
techniques and management systems will be 
important aspects of your work, Identifving factors 
which limit productivity and innovations in husbandry 
practice provides opportunities for involvement in 
investigational and development projects. 

HMtTiCULTURE 

HorticultunI Adviaory OfRcara adviae producers of 



horticuhural crape, covering fiuit, vegetable, 
ghirtouaai, hanjy oimnwntal and bolb fhmnr crops. 
Vbu would take a apaaiM Intaraat in the types of 
hordcultof wHMn your area and in lelatad 
axperimefltal and devek)pment woric conducted at 
experimentai horticulture stations. Thwe are also 
opportunities for appointment to tliese experimentel 
stations. 

LIVESTOCK HUSBMIBRY 

You will specialise to some extent in dairy cattle, beef 
cattle, sheep or pig production. The work includes 
advising farmers on livestock husbandry participating 
in research and development and encouraging the 
adoption of new and improved technology In addition 
the Livestock Group has a responsibility of advising on 
the effective selection, testing, evaluation and use of 
Alalrea. 

POULTRY HUSBANDRY 

You will advise the poultry industry on good husbandry 
and efficient production. This involves advisory visits to 
farms, preparing technical leaflets and local press 
articles.and group discussion meetings. Officers in this 
field also take an active part in development work. 

SAIARY AND QUAUHCATIONS 

You may be appointed to one of two grades depending 
on your qualificationsand eiqierience: for appointment 
to Grade IV (E5680-C7765) you must have, or obtain in 
1984, a degree or equivalent in a relevant subject. For 
appointment to Grade III |£7325-£11,475) you should 
normally have a relevant degree with at least 3 years' 
appropriate postgraduate experience. 

A full valid UK driving licence ia easentisL 

FINAL YEAR STUDEI«T5 MAY APPLY 

For further details and an application form (to be 
returned by 2 March 1984) write to Civil Service 
Commission, Alencon Link, Basingstoke, Hants, 
RG21 1JB, or telephone Basingstoke (0256) 68551 
(answering service operates outside office hour^. 

Ploaaa ^aala rah S(A)M6. 



Ministry Of Agriculture, Fisheries and Food 



AQI ATIC AND TERRESTRIAL 
INVERTEBRATE ZOOLOGISTS 

To Join 5th Oxford Canal Project. 
Aquatic post £60 per week possibly 
Increasing In May, computing 
knowledge desirable. Terrestrial 
Poet £40 per week. Candidates 
should meet MSc elegibillty. 
Scheme finishes 22 August, 1984. 

Tel Joanne Heppenstall. 0285 52535 
Bst 171 farfOnn,tobentuniadby 
M February, 1964. 



UNIVERSITY OF LANCASTER 
Department of Environmental Sciences 

RESEARCH ASSOCIATE 

AppKcatione are invited for the poet of poatdoetoiai ftoeea re h Associate to 
work with Or R. M. Harrison. Dr M. Kelfy and Dr S. R. Aston on a two year 
study of transuranic radionuclides in the estuarine environment. Applicants 
should possess a PhD, degree, and research experience in environmental 
chemgti^^or^l^eochemistry would be advantageous. Salary is in the range 

Further particulars may be obtained (quoting reference L01 1/B) firoin the 
Establishment Office, University Houee, BaHrigo, Lancaatar LAI 4YW, 
where applications (seven copies) namin g t h fae rSwf e e a , ahould be earn not 
later than 24 February, 1 984. 



UNIVERSITY OF WARWICK 
The Department of Computer 
Science invltea appUcatloiiB tar the 
following posts: 

IiBCr rUBMB HIP IN acmwARX 

A permanent post is available for 
teaching and research in the 
Department Preference will be 
given to caadidataB with research 
interests in Software Engineering 
or in Machine Interface design. 
The appointee will l>e expected to 
involve himself/herself particularly 
with teaching for Warwick's 
Computer S}rsteins Engineering 
degree course. Initial salary at an 
appropriate point on the 
Lectureablp scale: £7190-£14 125 pa. 
Furttaer puOB^aa toad apfiSem- 
tion forms from the Regulrar, 
tJniverslty of WsoTirick, Coventry 
CV4 7AL, quoting Ref No: 
27/A/84/F. Closing date for receipt 
of applications 1 March, 1984. 

LECTURESHIP IN ROBOTICS 
A permanent post is available for 
research in the department's 
Rot)otics Laboratory, and for 
teaching in the department's 
undergraduate programme. 
Research responsibilities would 
initially tie associated with software 
for the control of multiple-sensor, 
mobile, manipulative rotwts. The 
research is exjjected to involve the 
use of programming languages for 
concurrent programming, eg 
OCCAM. The post is supported l>y 
the British Government's Informa- 
tion Technology Initiative. Initial 
salary at an appropriate point on 
the Lectureship scale: £7190-£14 125 
pa. Further particulars and appli- 
cation forms from the Registrar, 
University of Warwick, Coventry 
CV4 7AL quoting Ref No: 
27/2A/84/F. Closing date for receipt 
of impUcatlona 1 Mturch^UM. 
RESEARCH ASSOdATK 
KNOWLEDGE BASED SYSmU 
Applications are invited for a 
Research Associate post on an 
SERC project to investigate the 
design and use of many-sorted logic 
as a knowledge representation 
language and as the basis for a 
typed logic prograimning language. 
The post is funded initially for two 
years. Candidates should have a 
research background in 
computational logic and/or experi- 
ence in implementing knowledge 
based systems. Candidates with 
other backgrotinds may also tie 
considered. Salary on the Research 
Range lA scale: £7190-£U615 pa. 
For this post applicants should 
send a detailed curriculum vltae 
together with the names of two 
referees, as soon as possible to Dr A. 
G. Cohn, Department of Computer 
Science, University of Warwick, 
Ooventry CV4 7AL. Further Intar- 
mation may be obtained by tele- 
phoning MM aMii. Ext aon. 



KING'S COLLBOB SCHOOL OT 
MEDICINE AND DKNTIBTBT 

of King's CoDete Londan 
Denmark Hill 
LONDON SE5 8BX 
RESEARCH ASSISTANT (MLSO) 
Applications are invited for the 
port of Reaeareh Aaaistant to work 
on the development of coagulstloin 
inhibitors in the Thrombosis 
Research Unit. Candidates should 
be graduates in biochemistry or 
pharmacology, and preferably with 
some experience in protein purl- 
f icatioa aod/or en^miwogy. 
Salaiy £6BSSHE7168 pa. 
Applications, naming two referees 
and quoting Ref: CT/R2, should be 
sent to the Secretary of the School 
atthaabamaddtaaaftyasiMniaiy, 
1984. 
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We ore woHd leaders in the design, 
development and manufacture of electro-optical 
systems for both military and civilian use. Continued 
expansion of our research and development 
programme has created the requirement for Physicists 
to join our Applied Physics Group. Technological 
innovation in this area has created work on 
sophisticated M.o.D. contracts which invoKre: 

(a) The investigation of infra-red optical thin film 
design and practical development, wHh 
particular reference to RF Sputtering and 
Plasma Assisted Chemical Vapour Deposition. 

(b) The study of optical materials, thin films and 
surfaces, porticularty their interaction with loser 
radiation, and the development of associated 
sophisticated measurement facilities. 

Candidates should hold an hlonours degree in 
Physics or a closely related discipline and have the 
necessary practical attributes to accept project 
responsibility. Experience in related work is desirable. 

We offer an attractive salary, related to experience 
and qualifications, company bonus scheme and a 
pension and life assurance scheme. Relocation 
assistance is available where appropriate. 

Please telephone or write for an application form 
to: 

Donna Graen 
Personnel Officer 
Barr & Stroud Limited 
Caxton Street Anniesiand 
Glasgow 61 31 HZ 
041 9549601 ext. 150 



Barr& Stroud 

Technologisti of excellence 




Head Of 
Department of 
Pharmacology 

We are Europe's largest Research Organisation 
located in rural East Anglia. We carry out vital work, 
evaluating the efficacy and biological safety of 
pharmaceutical products, pesticides and industrial 
chemicals. 

Applications are invited for this senior 
appointment at Huntingdon Research Centre pic. 
The department of approximately 20 staff is involved 
in a wide range of studies, covering many aspects of 
pharmacological testing for clients world-wide. 

The successful applicant will probably have a 
higher degree and some 7 - 10 years of experience in 
an industrial environment, in addition to an 
in-depth expertise in their own areas of research. 
A broad knowledge of other areas of pharmacology 
will be expected. Good organisational ability is also 
essential for this very demanding, but 
rewarding appointment. 

The job will involve some overseas travel, mainly 
in Europe, but also in the U.S.A. and ]apan. 

In return, we offer a competitive salary and a full 
range of benefits, which include a company car, free 
medical insurance, permanent disability insurance, 
pension arid assistance with re-location. 

Please write giving full details and experience, 
qualifications and expected salary to: ]. West, 

Director of Human Resources 
and Administration, 
Huntingdon Researcli Centre pic, 
Huntingdon PE18 6ES. 



HRC 



Huntingdon Research Centre 




University 
of Strathclyde' 

DEPARTMENT OF BIOSCIENCE 
AND BIOTECHNOLOGY 

Applied Microbrology Division 

RESEARCH 
TECHNICIAN (Grade 5) 

£6279-£7332 

Applicatk>ns are im/ited fof the positkMi of 
Research Technician to work with Dr D. R. 
Berry and Dr J. R. Johnston on a project 
concerned with the genetic manipulation of 
yeast strains. 

The appointment is for a period of three years 
and the successful candidate will be experi- 
enced in microbiok)gical and fermentation 
techniques. 

Applicants should hold a Htgher *TEC' Cerntt- 
cate or equivalent rn an appropriate subject 
and have at least eight years' relevant experi- 
ence 

Only those applicants called for imerview will 
have their applications acknowledged. 
All applications must be in writing, quoting 
reference BST6, with details of age, expen- 
ence and qualifications, etc, to: TTie Person- 
nel Officer. Unh/ersfty of Strathctydv, 
McCance Building, 16 Richmcxtd Street, 
Glasgow G1 . 



The Central Blood Laboratories Authority, which is pleasantly 
located in rural Elstree, Herts has a vacancy for an 

Animal Technician 

in the Pyrogen Testing Unit 

The Testing Unit carries out in vivo control testing of plasma pro- 
ducts and maintains many of the common laboratory animal species. 

Applications are invited for a post as Technician to t>e responsible to 

the Section Head for the performance of pyrogen and acute toxicity 
tests, in addition to routine husbandry duties. 

The successful candidate will be an Associate of the lAT or hold 
equivalent TEC Certificate and will hold a Home Office Licence. 
Experience should include Pyrogen Testing during a minimum of 
four years employment in the field of laboratory animal technology. 

The post holder will be required to participate in the weekend duty 
rosta. 

Salary will be in the range £S491-£6436 dependant upon age and 
qualification. 

Further information and application forms are available from Mr 
B. D. Taylor, Blood Products Laboratory, Dagger Lane, Elstree, 
Herts. Tel 01-953 6191 Ext 290. 

Closing date for applications 24 February, 1984. 



COMMONWEALTH AGRICULTURAL 
BUREAUX 

SCIENTIFIC INFORMATION 
OFFICER 

at the 

Commonwealth Institute of 
Parasitology 

Duties: Preparing abstracts in English for 
Helminthological Abstracts and Proto- 
zoolo^ical Abstracts which cover world 
scientific literature in these fields, index- 
ing, and answering scientific inquiries. 
Qualifications: A degree in zoological 
scierKe or related subject, plus a reading 
knowledge of at least one European 
language (German preferred) and the 
abilrty to write good English. Applicants 
must be able to render the content of 
scientific publications into concise, accu- 
rate and readable abstracts It is expected 
that the successful candidate will wish to 
make a career in the field of scientific 
information rather than research. 

Salary: In the scales £56B2-£7765 pa. 
C7149-C9561 pa. Starring salary accord- 
ir>g to qualifications ar>d experience. 
Application forms and further particulars 
from: 

CommonweaKh Institute 
of ParasitologY. 
39BA Hatfietd Road, 
St Albans. 
Herts AL4 OXU 
Tel 0727 33151 
Closing date for applications 1 March, 
1984. 




New Sdenlist 9 February 1984 



HONOURS GRADUATES 

Seeing 

ISNTAUAfflYC 
BELIEVING'' 



At the moment there are 2 dots in front of you. 
Cover your right eye and look directly at the right hand 
dot with your left eye. Slowly move your head up and 
down and at some point, the left hand dot will vanish 
This is caDed the blind spot. 

Appearances can deceive — things are not 
always as they seem on the surface. As a Tax Inspector, 
you have to get at the underlying facts in a case, using 
your powers of analysis, perception and intuition in order 
to reach a fair conclusion. In doing this, you are involved 
in many face to face interviews with business people and 
their advisers in all walks of life — from the one man 
band, to the £multi-miIlion. multi-national. 

Within a few months, you can expect to be 
handling your own casework. After 3 years you will be 
managing a sizeable team of staff — and in due course 
you should be running your own tax district. 



Qualifications: Under 32 and a degree with at 
least second class honours or an acceptable equivalent 
qualification. Final Year Students may apply. 

Starting salary £5785-£7980 according to 
experience. You should be earning £8780 after 2 years 
and £12395 3 years later. Within 11 years you could be 
on a salary scale rising to £20790. In another 5 years you 
could be on a scale rising to £23155. Beyond this there 
are opportunities for further promotion to the most 
senior grades in the Civil Service. SALARIES HIGHER IN 
LONDON. Training can usually begin at an office in the 
area of your choice. 

To find out more and for an application form 
write to Civil Service Commission, Alencon Link, 
Basingstoke, Hants, RG21 IJB. or telephone Basingstoke 
(0256) 68551 (answering service operates outside ofBce 
hours). Pleas« quote ref: A/320/171 . 



UNIVERSITY OF LIVERPOOL 
Department of Geography 
Applications are invited for 
POSTDOCTORAL 
SENIOR RESEARCH 
ASSISTANTSHIP 
in the Department of Geography to 
work on an investigation of global 
cloud data archiving and analysis. 
Applicants should hold a PhD in 
atmospheric science or physics and 
have considerable experience in 
computing. He or she must be able 
to undertake independent research, 
be prepared to attend international 
meetings and to collaborate with 
research scientists at the US Air 
Force Research Geophysics Labo- 
ratory in Massachusetts. Consid- 
erable experience has been estalj- 
lished by this group. It is hoped the 
successful candidate will be able to 
draw upon developed techniques £is 
well as contributing new ideas to 
the understanding of cloud ol>ser- 
vations from surface bases and 
satellites. 

The project is financed on a year- 
by-year basis for two years from 1 
March. 1984. The initial salary on 
the scale £7190-£8530 pa. 
Applications, together with the 
names of three referees, should be 
received not later than 28 Febru- 
ary. 1984, by The Registrar, The 
University. PO Box 147. Liverpool 
L69 3BX. from whom further 
PEU-ticulars may be obtained. Quote 
Ref RV/222/NS. 



NORTH EAST THAMES REGION 

IMMUNOASSAY UNIT 

BIOCHEMIST 

Salary Scale £6723 - £9391 pa incl: 

This new post has been created in this unit, associated with the 
Department of Chemistry Pathology at St Bartholomew's Hospital. 
Experience of RADIOIMMUNOASSAY and CLINICAL CHEMISTRY 
would be useful and for a suitable candidate there could be an 
opportunity to work for a higher degree. 

For further details about this post please contact Dr Edwards on 
01-606 2113. 

Application forms available from the Personnel Department, St 
Bartholomew's Hospital, London EC1A 7BE, or telephone 01-600 
9000 Ext 3188 quoting reference TGL1 15. 



LOTHIAN HEALTH BOARD AND UNIVERSITY OF EDINBURGH 
Department of Medical Physics and Medical Engineering 

SENIOR PHYSICIST 

Applications are invited for a post in the Radionuclide Section of the 
Department. Duties at the Royal Infirmary of Edinburgh and elsewhere in the 
Area will include various aspects of radionuclide and other (eg CT) innaglng 
and data processing. There is an active research programme, particularly in 
body composition studies. 

Applicants should have a good honours degree in Physics and a minimum of 
four years experience in the basic grade or equivalent. 
Salary scale £9010 £1 1 649 per annum. Further particulars on request. 
Applications, typewritten and giving particulars of age. qualifications 
and previous experience together with the names and addresses of 
two referees should reach the Personnel Officer, 1 1 Drumsheugh 
Gardens. Edinburgh EH3 7QQ by 24 February. 1984. Please quote 
M/22. 



THE UNIVERSITY OF LEEDS 

ASTBURV DEPARTMENT OF 
BIOPHYSICS 

POSTDOCTORAL 
RESEARCH FELLOW 

IN THE DESIGN OF 
ENZYME INHIBITORS 

USING 
COMPUTER GRAPHICS 

in collaboration with 

G. D. SEARLE & CO 

Applications are invited for the atwvc post 
for research on computer model-building 
and molecular mechanics studies leading to 
the development of enzyme inhibitors for 
clinical use as drugs. The project will make 
use of an Evans & Sutherland PS.^00 colour 
display system. Apphcants should have, or 
be about to obtain, a PhD degree in protein 
crystallography, molecular graphics or 
related structural studies. The appointment 
is funded by an SERC Co-operative 
Research Grant and is for a fixed period of 
up to two years. 

Salarv on the lA Range for Research and 
Analogous Sta(T(£7190-£l I 6 1 5), according 
to age. qualirications and experience. 

Informal enquiries may be made to Dr A. J. 
Geddes or Professor A. C. T. North of the 
Univeratv of Leeds. Tel (0532) 431751 Ext 
7088 or 6 1 30. 

Application forms and further particulars 
may be obtained from the Registrar. The 
University, Leeis LSI 9JT, quoting refer- 
ence no 42/5/E. Completed applications 
should be returned to the Registrar as soon 
as possible. 



UNIVERSITY OF ABERDEEN 

Department of Bio-Medical Physics 
and Bio-Engineering 

CLINICAL PHYSICIST 

Applications are invited from Physi- 
cists for a temporary post in the 
Radiation Protection Section of the 
Department. The post, based in the 
Atjerdeen Royal Infirmary, is for 
one year with the possibility of an 
extension for a further year. The 

work will be concerned with estat>- 

lishing quality control prtxedures 
in the Radiology Departments and 
helping with the Implementation of 
new legislation. The successful 
applicant will be primarily con- 
cerned with the instrumentation 
involved in quality control and will 
have to Ijecome familiar with the 
work involving ionizing radiations 
carried out in the hospital. 

Salary within Grade IB Scale for 
Other Related Staff, £6310-£9875 
pa. depending on qualifications and 
experience. 

Further particulars and applica- 
tion forms from The Secretary. The 
University, Aberdeen, with whom 
applications (two copies) should be 
lodged by 1 March, 1984. 

UNIVERSITY OF CAMBRIDGE 
Computer Laboratory 

COMPUTER MANAGER 

Site manager for Alvey IKBS 
Infrastructure Series 63 Machine. 
Responsible for hardware and soft- 
ware management, usage adminis- 
tration, support programming for 
Artificial Intelligence research. 
Standard university pay and condi- 
tions to a maximum of £12 545 p&. 
Further information may be 
obtained from the Head of 
Department, Computer Lalxiratory, 
Com Exchange Street, Cambridge 
CB2 3QG to whom applications 
including a curriculum vitae and 
the names of two referees should be 
addressed so as to reach him not 
later than 20 February. 1984. 
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Royal Postgraduate Medical School 



(IMMraHy of London) 



Department of Medical Physics and Computing Science 

The Department, based at the Hammersmith Hospital Medical bchool, has the following vacancies for which applications are invited 



Computer 

Computer Scientist (Section Head) 

A highly qualified and well motivated Computer Scientist is required to head 
the Computer Centre which is part of the Department of Medical Physics. 

The successful applicant will have a background in computer science 
coupled with a good working knowledge of software and computer hard- 
ware. 

This post provides a unique opportunity for the right person to make a 
significant contribution to medical research and new hospital clinical and 
laboratory developments. 

Post Reference 8/005. 

Research Programmer 

Applicants will be exf>ected to have a background in Computer Science or 
some other relevant scientific discipline. Experience in Statistics would be 
and advantage. 

Post Reference 8/110. 

Basic Grade Physicist 

A Basic Grade Physicist is required to take an active part in research 
projects that originate in the Royal Postgraduate Medical 
School/Hammersmith Hospital. Duties will include planning of projects, and 
maintenance and support of systems software on the local machines. 

The successful applicant will have a background in computer science or 
other scientific discipline. 

Post Reference 8/207. 



Nuclear Magnetic Resonance (NMR) 

A Senior Physicist/ 
Electronic Engineer 

IS required for three years in the first instance to join a group working on 
the assessment and development of NMR imaging techniques. 
An ideal candidate would have experience of either digital electronics or 
radiofrequency systems. 

Post Reference 8/NMR. 



Salary Scales 



Post 8/005 - Academic Related Grade II f II 1 60 to £ 1 4 1 25 plus £ 1 1 86 
London Allowance a year. 

Post 8/ MO - Academic Related Grade IB £6310 to £9875 plus £1 186 
London Allowance a year. 

Post 8/207 - Basic Grade Physicist (NHS) £5681 to £8340 plus £1042 
London Allowance a year. 

Post 8/NMR -Senior Physicist (NHS) £9010 to £11 648 plus £1042 
London Allowance a year. 

Application forms and further particulars can be obtained from the 
Personnel Office, Royal Postgraduate Medical School, Hammersmith 
Hospital, 1 50 Ducane Road, London W 1 2 OHS, quoting appropriate post 
reference numbers. 

Closing date for all posts is 28 February, 1 984. 



IWRC UDIOeiOlOGY UNIT. HARWEU 



IMMUNOLOGIST 



Applications are invited for a SHORT 
TERM NON-CLINICAL SCIENTIFIC post in 
this Medk:al Research Council Unit, 
tenable for three years, to work with a 
group of scientists studying the effects of 
radiation, and the application of mono- 
clonal antibodies in tunnour systems. 
Candidates of immediately post-doctoral 
or equivalent ststus will be preferred. It is 
expected ttuit the successful applicant wiH 
have some expenerKe in the field of 
monoctonat antibody production. 

Salary and conditions of service according 
to MRC non-clinical scientific scales. 
Hostel accommodation or housing may be 
available. 

Please write or telephone tf you would like 
further inforrriation about this post. 
Applications, together with curriculum 
vitae and the names of two referees, 
should be sent to the Personnel Officer, 
MRC Radiobiology Unit. Harwell. Didcot. 
Oxon 0X1 1 ORD, Tel 0235 834393. 

Closing date 27 February. 1984 



THE NATIONAL INSTHUTE FOR MEDICAL 
RESEARCH 

RESEARCH OFFICER/ 
TECHNICIAN 

Research Officef/Technician required for 
basic research on structure artd functKxi of 
cell virus comporwnts. Physics rather than a 
bioJogy background an advantage. The 
applicant should hold a degree or equivalent 
qualificatton, Expenence (>'^cred in high 
resolution biological transmisson electron 
microscopy and associated skills. 
Salary depending on age and expenence will 
be m the range £6087 pa lo £8722 pa inclu- 
sive, Please tetephone for an application form 
on 01-959-3666 extension 221 or wnte to 
Mrs. P. A. WiWe. Personnel Offtcer. NIMR. 
The Ridgeway. Mill Hill, London NW7 I AA. 
Please quote reference RO/V. 



mm 



UNIVERSITY OF STRATHCLYDE 

Depanment of Applied Physics 



TEMPORARY LECTURESHIP 

Applications are invited for a Temporary Lectureship {tenable until 30 
September, 1986) from applied physicists, biophysicists and engineers. 
Applicants with industrial experience, eg on secondment, will be specially 
welcome. 

The successful candidate will be expected to undertake varied teaching duties, 
and to join in one of the multindisciplinary research activities of the 
Department: Photophysical Instrumentation, Environmental Physics, 
Renewable-Energy Technology, Superconducting Devices, and Population 
Ecology. Candidates should have experience in one of these areas. 
Further details and application forms (quote 6/84) are available from 
Academic StatT Office. University of Strathclyde, McCance Building, 16 
Richmond Street, Glasgow Gl IXQ. Closing date for application 28 
February, 1984. 



Telecommunications • Defence • Aerospace. High Technology 



SYSTEMS ENGINEERS - REAL TIME SOFTWARE 
MATHEMATICAL MODELLING 

BSc-PhD Salaries to £ 1 6 000 

Our dents are engaged m advanced Defence and Aerospace Protects and require Systami 
EnglMttrt with expenence m MODELLING. SIMULATION. FEASIBILITY STUDIES. TRIALS 
ANALYSIS. SIGNAL PROCESSING. OR. HARDWARE /SOFT WARE DESIGN. 
A number of requirements exist at project management level and with opportunities throughout the 
UK we can quickly advise you on positions wtitdi suit your requirements. 

For a Free Information Pack and an application form contact John SperKer at the address below o' 
^(*nd a detailed CV. Full confidentiality assured. 



^== ^ Skyquip Technical Services Ltd. 

If 1 1 // BS High SUM. WInchencr. Hampshire. S023 9<U> Td: Wmchnter 109621 &94 78 
9^ II ^ I24h<xirj| 



lalist recruitment for Aerospace, Defence & Communications Industries 




nsusnESRsncff 

UNIVERSITY 
OF TECHNOLOGY 
LECTURER 

IN PHYSICS 

Applications are invited for the post of 
LECTURER in the Department of 
Physics. The person appointed will be ex- 
pected to contribute to the teaching of the 
Department's honours courses in Physics 
and in Electronic Engineering and 
Physics, and to join one of the existing 
research groups within four main areas oi 
interest; applied optics, material mechan- 
ics, solid stale physics and surface physics. 

The appointment will be for three years in 
the flrsl instance and will be made on the 
lower half of the lecturer scale 
£7I90-£I4 125. Application forms and 
further particulars from Paul Johnson. 
Eiublishment Onicer, ref. 84/6 PH. 

Loughborough 



Leicestershire 



PHARMACEUTICAL 
ANALYST 

A small but expanding pharmaceutical 
company seek an expcnenced 
pharmaceutical analyst. The work will 
mvolve the day to day quality control of 
incoming tablets, capsules, liquids, etc, 
and also the development of analytical 
methods and subsequent testing for 
stability trials on new products. 
Knowted^ and experience of high 
pressure liquid chromaiography as applied 
to pharmaceuticals is essential. Previous 
work on analysis of drugs in plasma 
would be an advantage. 
Please write giving full qualifications and 
career details lo date, together with an 
indication of salary requirements. 
To Box D 786. 
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DRUG DESIGN 
AND DEVELOPMENT 

METABOLISM AND 
KINETICS 

Pfizer Central Research is part of a multi-national organisation engaged in the research, 
development, manufacture and marketing of a wide range of human and animal health 
products. 

Currently over 500 scientists and supporting staff work at Sandwich in modem, well 
equipped laboratories. An additional 70,000 sq ft of laboratory and office space is 
currently being built and will be ready for occupation in the summer. 

At that time we shall need an additional high calibre PhD to join our Drug Metabolism 
Department. We are seeking a chemist/biochemist or analytical chemist who is 
completing his/her PhD research project in metabolic biochemistry, pharmacokinetics 
or bloanalysis this year, or someone with up to 3 years' post-doctoral experience in 
these areas. 

The function of drug metabolism is to provide information on the absorption, distribu- 
tion, metabolism and excretion of drugs in laboratory animals and man. Firstly, so that 
a better understanding of the mode of action and toxicology can be achieved and, 
secondly, to aid in the design of dnjgs with a more desirable pharmocokinetic profile. 
The department has a major commitment to the application of drug metabolism to the 
drug discovery process and the person we seek will be self-motivated and enjoy the 
^challenge of being responsible for the development of assay methods and 
suitable animal models for the study of the kinetics of potential new drugs. 
This exciting new appointment offers a highly competitive basic salary plus a 
bonus related to personal performance. We have a thriving sports and social 
club with first-class facilities. We also offer generous help with relocation 
expenses. 

If you are interested in this appointment, please send your cv, in 
confidence, to:— D. W. Sells, Personnel Manager. Pfizer Central 
Research. Ramsgate Road, Sandwich, KentCTIS 9NJ. 



4 



SCOTTISH AND NEWCASTLE 
BEER PRODUCTION UMITED 

Assistant 
Microbiologist 

Applications are invited from Mkn'obiology graduates, or equivalent who have already gained 
some experience in food or drink manufatcture. 

Betsed within the Tyne Brewery Laboratory, the job holder will assist in the conduct of routine 
and investigational qucility control of our production processes and products. 
This position offers an ideal opportunity to develop a kTK>wledge of brewing technology and the 
management skills essential to future career progression. 

The Company offers a competitive salary, a range of attractive empksyee benefits and good 
career prospects. Assistance with relocation will be provided if required. 
Application forms may be obtzuned by telephoning Newcaatle 325091 ext. 4328 or by 
writing to: 

Mr. R. Fokerd, Peraonnel Manager, Scottiali & Newcaatle Beer Production Limited, 
Tync Brewery, GaUows***! Newcaatle upon Tyne, NE99 IRA. 




CLYDE SURVEYS LTD 

require an 

EARTH SCIENTIST 

Clyde Surveys Ltd wish to recruit 
an Earth Scientist with consid- 
erable experience in remote sensing 
to head Its Environment and 
Resources Consultancy in Maiden- 
head. 

The successful applicant will be 
expected to initiate and implement 
a programme of expansion and will 
therefore posses ability in lead- 
ership, marketing and commercial 
acumen. Substantial knowledge of 
remote sensing technology and 
experience of applications, particu- 
lary in the fields of satellite and 
thermal infrared linescan imagery 
will be required. 

Applicants should possess a 
minimum of 10 years experience 
since their first degree with the 
major part being in a commercial 
environment. A higher degree in an 
appropriate subject would be 
advantageous. 

Salary and relocation costs are 
negotiable and a car will be 
provided. 

Interested applicants should write 
direct to the Managing Director at 
the address below, enclosing a copy 
of their CV and details of their 
present and expected salary. It is 
Intended that interviews of those 
short^listed will be held during the 
second half of February. 
Clyde Surveys Ltd. Clyde House. 
Reform Road, Maidenhead. Berk- 
shire SL6 8BU. 

INSTITUTE OF 
CANCER RESEARCH 
Fulham Road, London SW3 

A POSTDOCTORAL 
vacancy exists in the Chemical 
Carcinogenesis Section for a 
scientist with experience of recom- 
binant DNA research to join a team 
working on the molecular basis of 
mutation and transformation of 
mammalian cells by carcinogens. 
The scientist appointed will have as 
close colleagues members of both 
the Chemical Carcinogenesis and 

Cell and Molecular Biology Sections 
of the Institute, and will be encour- 
aged to develop his or her own ideas 
in relation to the overall problem. 
The appointment will be for a 
minimum of three years, with 
salary appropriate to age and 
experience within the scale 
£7630-£10 250 pa, plus London 
Allowance of £1186 pa and super- 
annuation (USS). 

Applications with full career details 
in duplicate and the names of two 
referees should be sent to the 
Personnel Officer, Institute of 
Cancer Research, 34 Sunmer Place, 
London SW7 3NU, quoting ref. 
300/G/41. Further details of the post 
may be obtained by contacting 
Professor P. Brookes (Tel 02404- 
2326). 

MEDICAL RESEARCH COUNCIL 

Developmental Neurobiology Unit 

There is an immediate vacancy for 
the post of a 

TECHNICIAN 

to assist in a research progranmie in 
cellular and developmental neuro- 
biology. Applicants should have 
laboratory experience in biochem- 
istry and some knowledge of tissue 
culture techniques and cell biology, 
a degree would be an advantage. 
Starting salary, depending on 
experience, will be In the range of 
£5491-£7747 plus £932 London 
Weighting. Please apply with CV 
and the names of two professional 
referees to Robert Balazs. MRC 
DNU. 33 John's Mews, London 
WCIN 2NS. Tel: 01-242 1496. 



Scottish & Newcastle Brewi 
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Tbp Industrial 
Scientist 

Food and Beverages 
to £30,000+beDefits 

Head of Research and Technical Development is 
to be appointed by international leader in consumer- 
able products Externally, to represent group 
technical interest at trade. Government and inler- 
national levels. Internally, to direct and co-ordinate 
the work of several research laboratories and 
technical functions. Objectives are continued in- 
dnttrud teadnship in technology and cost effective 
services within the group. 

Wide experience of directing commercially 
accountable research and the supervision of analyt- 
ical and technical services is essential. An appro- 
priate science or chemical engineering degree is 
required, ' 

The applicant must have e.\perience with work 
involving public and trade committees. Ability to 
identifin negotiate and manage chanse is important 
as is the administiBtion and control of a scientific 
service. 

Write in confidence to Hamilton Howatt, John 
Courtis and Partners, Selection Consultants, 310 
Chester Road, Hartford, Northwich CW8 2AB, 
showing clearly how you meet our client's require- 
ments, quoting reference 363/NS. Both men and 
women may apply. 

JohnConrds 
and Partners..' 



DEPARTMENT OF MICROBIOLOGY 
ST. RICHARD'S HOSPITAL 

Junior Medical Laboratory 
Scientific Offioer 

(GRADE B) 

Applications are invited for the above post in this laboratory 
wnich covers a wide range of microbiological investigations. 
Qualifications: BSc in the biological sciences related to 
mammalian studies. Under current regulations a candidate will be 
eligible to appiv for State registration after one year's training. 
Promotion to Medical Laboratory Scientific Officer (fiask Grade) 
Is automatic following state registration. 

The department offers good opportunities for further study and 
the successful candidate will be encouraged to study for the 
Special examination of the Institute of Medical Laboratory 
Sciences. This qualification is required for further promotion. 

Chichester is a cathedral city on the south coast and offers 
excellent recreational facilities. 

Informal visits arranged and further Information on request to 
Mr C. Dowding. Td Chichester (0243) 788122, Ext 720. 

Application forms from Unit Personnel 
DeiMUtment, St. Richard's Hospital, 
Spitalfield Lane, Chichester, West Sussex 
POi9 4SE. Toi CMdMttw (0243) 788122. 
Ext 445. Gtoring Mk 2» mnwry, I9M. 



QH Chichester 



HEALTH AUTHORITY 



KING FAISAL UNIVERSITY 
AL-HASA, SAUBI ARABIA 

College of Affricnltare and Food Sciences invite* i n fe atiom fiv 
faculty positions in the following disdidines: 

MEN^ COLLEGE 

—Agricultural Climatoloar/Wator Itoi— woi 

—Farm Power and MadminT 
—Agricultural Engineering 
—Rural Sociology 

—Horticulture, Crop Physiology and Genetics 

—Poultry and Animal Breeding 
—Meat Science and Technology 
—Fish Sciences 

—Analytical Chemistry (preferably Compnter-Aided Chemistry) 

W OMEN'S SECTION 
—Child Development and Family Life 
—Home Management and Family Finance 
—General and Organic Chemistry 

APPUCANTS MUST BE FLUENT IN BOTH ARABIC AND 
ENGLISH 

Requirements: PhD for Assistant and Associate Professors. Master's 
degree for Lectuim. PiibMcatioin and minimum oS two yean' taidi- 
ing experience for Assistant Professors and four years for Associate 

Professors. 

Salaries are highly competitive. Contracts are for one year renewable. 
Benefits include free furnished housing or housing allowance, annual 
return air tickets for. a family of four, 60 days paid annual leave, eener- 
ouslugnw ownwei^talknmnoe, educational alkiwanoe for ch^^ 
NoSandTba. 

Application forms can be obtained ih>m either of the following 
addiesses, slating deariy the position applied fon 

Dean. Cdlege of Agriculture and Food Sdenoes 



c/o UK Recmitiiig Ofike 
King Faisal University 
29 Bclgrave Square 
LoodoaSWlXSQB 




King Faisal Univcniljr 
PO Box 420 
Al-Hasa 

Saudi Arabia 31982 

Oosing date for applica- 

tions 9 March, 1984 y 



Pharmacologist 

Merck Sharp & Dohme Research Laboratories is a leading 
International pharmaceutical research orc,anisation which is 
establishing a Neuroscience Research Centre on a 30 acre 
greenfield site near Harlow. Essex The Centre will be one of Ihe 
world's largest laboratories dedicated to neuroscience research 
initially focussing on: the study of inhibitory chemical messengers 
in the brain and exploration of the functional role of neuropeptides 
in the control ol emotion, appetite memory and learning 

An opportunity exists in the behavioural pharmacology de- 
partment for a graduate assistant Applications are invited from 
pharmacology graduates who have at least 12 months post- 
graduate experience in the study of the central nervous system or 
related fields, ideally this will have been gained in the 
pharmaceutical Industry. 

Salary and fringe benefits are highly competitive although of equal 
importance will be the opportunity to work in a stimulating and 
innovative research environment. 

Applcations, endoaing • ful C.V. and staling Gurrsnt salaiy, 
should be tent in the flrat instance to Andrew Hariey, 
Personnel Manager, Mefdc Shaip and Dohnw Reseiich 
loteralories, Hertlordrtoad, HoddesdiNi, Herts EN11 9BU. 

MERCK 
SHARP 
DOHME 

Neurasdence Research Centre 




Copyrighted material 
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SCIENTISTS, ENGINEERS 
AND TECHNOLOGISTS 

Careers in the British Councirs 
Overseas Service 



The British Council, a publicly funded body whose aim is to pronnote an 
enduring understanding and appreciation of Britain overseas through 
cultural, educational and technical cooperation, intends to recruit staff 
with qualifications in science, engineering or technology for its Overseas 
Career Service. At present the Council has staff in over 80 countries 
throughout the world and those appointed to the OCS undertake to serve 
wherever they are posted during their careers. They can expect to spend 
about two-thirds of their working lives overseas initially in posts that directly 
use their scientific qualifications and experience, but gradually moving into 
more general areas of cultural relations work. 

Council science work is varied, including contact and liaison with British 
Institutions and their counterparts overseas; advisory and administrative work 
on the Council's various scholarship and visitor programmes, the promotion 
of research links and collaboration and professional involvement in science- 
based project work. A successful career in the OCS entails the performance of 
a wide variety of tasks in the area of cultural relations. Candidates must 
possess the qualities that representation of Britain overseas demands and 
must demonstrate the potential to occupy responsible managerial posts. 

Applicants must have a first degree or equivalent in science, engineering, 
agriculture, technology or a related field, together with relevant professional 
experience in research, teaching or industry. A higher degree or other 
postgraduate qualification in science, management or development studies is 
desirable. Overseas work experience would be valuable as would a knowledge 
of foreign languages. 

Successful candidates are likely to be aged between 26 and 33 but candidates 
with exceptional qualities outside this range will be considered. 

The salary scale on entry is £9,41 6-£1 1,463 and promotion prospects offer 
the possibility of senior positions (salary up to £25,000). During periods of 
overseas postings allowances and benefits comparable with those of the 
Diplomatic Service will be paid. There is a non-contributory pension scheme 
analogous to that of the public sector 

Application forms and an information booklet may be obtained from 
Staff Recruitment Department, The British Council, 65 Davies Street, 
London W1Y 2AA or telephone 01-499 8011 ext 3191 or 3462. 

The closing date for applications is Wednesday 29 February. 



THE ANIMAL HEALTH TRUST 
THE BACTERIOLOGY UNIT requires a 

LABORATORY 
TECHNICIAN AND 
RESEARCH ASSISTANT 

THE RESEARCH ASSISTANT is for a 3 
year appointment to study the role of 
obligate anaerobes in the horse. A 
degree or equivalent is required with 
laboratory experience in diagnostic 
bacteriology. 

Salary £*3I0— £7190 per annum 
The TECHNICIAN should have H TEC 
(HNC) or equivalent and laboratory 
experience m bacteriology for mixed 
practice diagnostic work. 
Salary: £51 74 — £6037 per annum 

Applications in writing with c.v. to 
The Secretary. The Animal Health Trust. P.O. 
Box 5. Balaton Lodge. Snailwell Road, 
NEWMARKET. Suffolk. CBS 7DW. 
Tchphone: 
NEWMARKET (0638) 661111 



Anglian Water 



SENIOR SCIENTIFIC OFFICER 
£11 184 to £12408 

Based in Colchester, the duties include the provision of a 
montoring and advisory service to ensure the Authority's water 
supply quality standards are achieved. Although priority will be 
given to water supply science, there will be involvement in a 
wide variety of multi-functional scientific work. 
Applicants should be suitably qualified graduates. Preference will 
be given to candidates with a water treatment/supply back- 
ground and computing experience would be an advantage. 
A casual user car allowance is payable, as are relocation 
expenses in appropriate cases. 

An application form and job description are available from the 
Personnel Department, Tel Colchester 691 7 1 , Ext 205, quoting 
reference WR1, to be returned by 24 February, 1984. 

COLCHESTER DIVISION 
Cowdray Centre, Cowdray Avenue, 
Colchester C01 1BY 



UNIVERSITY OF SALFORD 
DEPARTMENT OF AERONAUTICAL 
AND 

MECHANICAL ENGINEERING 

RESEARCH ASSISTANT 

Applications are invited for the above 
Mob fundwl post concerned with the 
development of an existing computer 
method for the prediction of external 
three-dimensional transonic flows. Candi- 
dates should have a good honours degree 
in engineering or mathematics. Experi- 
ence in Computational Fluid Dynamics, 
particularly in the areas of grid generation 
and finite-difference or finite element 
methods, would be especially useful 

Starting salary up to £8060 pa; USS 
benefits. The post in tenable (or one year 
in the first instance Those suitably 
qiialified may register for a higher degree. 

Application forms obtainable from the 
registrar. University of Satford, Salford 
M5 4WT (Tel: 061-735 6843 Ext 215). 
To wttom completed forms should be 
returned by 9th March 1984. quoting 
reference ME/386/NS (Informal er>quihes 
may be made to Or D. M. Cauton Ext 
7474). 



THE UNIVERSITY OF SUSSEX 
School of Chemistry and 
Molecular Sciences 
RESEARCH TECHNICIAN 
GRADE 4 

Applications are invited for the post 
of Research Technician, Grade 4, 
for a two-year period to carry out 
microbiological and chemical work 
under the supervision of Dr J, R. 
Hanson. The project involves culti- 
vating fungi, isolating free metabo- 
lites and carrying out chemical 
transformations. Safety protective 
wear is provided. 

Initial salary in the range 
£5826-£6702 pa. Twenty days paid 
leave annually, in addition to BanJc 
HoUdays and University closures. 
Applications, giving a brief curricu- 
lum vitae and the names of three 
referees and quoting reference 
4R84, should be sent as soon as 

possible to Mr P. J. Oilliver. Super- 
intendent of Laboratories. School of 
Chemistry and Molecular Sciences, 
University of Sussex, Brighton BNl 
9QJ. 



MRC RADIOBIOLOGY UNIT. HARWELL 

TUMOUR BIOLOGIST/ 
IMMUNOLOGIST 

Applications are tnvued for a SHORT TERM 
NON-CLINICAL SCIENTIFIC post m this Medi- 
cal Research Courtcil Una. tenable for three 
years, to work with a group of scientists 
studying the effects of radiation and drugs on 
tumour systems Candidates of immediately 
post-doctoral or equivalent siaius will be 
preferred It is expected that the successful 
applicant will have some research experience 
in at least one of the fields of vascular phys- 
lology. experimental tumour therapy or 
monoclonal antibody production. 
Salary and conditions of service according to 
MRC non-clrnical scientific scales Hotel 
accommodation or housing may be avaitabte 
Please write or telephone if you would like 
lurtf>er information about this post. Applica- 
tions, together with curriculum vitae and the 
names of two referees, should be sent to the 
Personnel Officer. MRS Radiobiology Unit. 
Harwell. Dtcoi. Oxon 0X11 ORD. Tel 
0235 834393 

Closing date 2 7 February. 1984 



ENGINEERS— Mechanical. Electri- 
cal. Electronic seeking a position of 
any level anywhere please submit 
your curriculum vitae and we will 
seek out opportunities. No charge to 
you. WSA (Engineers), 2 Greens 
End, London SE18 6HX (Agency). 



New Scientist 9 Fetxuary 1984 



65 



Development 
Chemist 

Tfechnical Services Q. A, 

Syntex is a high-growth company and to assist in the further 
dewlopment of our productsand manufacturing capabiiityan interest- 
ing position has been created. 

VWsrking as a member of our technical services group you would 
be conducting validation programmes to ensure the safety efficacy 
and stability of Syntex products. This important function will also 
entail analytical and formulation development 

Aged at least 25 you should be an Honours graduate scientist 
with good experience in formulation development within the 
Pharmaceutical or Cosmetic industry 

We offer a first class range of benefits. 

S^^^ For lull information package telephone or write to: 
Steve Tindall. Personnel Officer, Syntex Pharma - 
I ceuticals Ltd, Ridgeway Iver, Buckinghamshire 
SLO 9JW Telephone; Iver (0753) 654757. 




Anglian Water 

HIGHER TECHNICIAN- 
RIVERS DEPARTMENT 
Salary Grade 5: £8154-£9033 

Applications are invited for the above post in the Operations 
Manager's Department at Boston. The duties include designing 
and proving programs in Fortran and implementing software 
packages for 1) A Texas 600 mini-computer wtiich is used in 
conjunction with a Hydrometric Telemetry System, and 2) The 
Honeywell level 66 main frame. 

Applicants should have a degree or equivalent and relevant 
experience. Knowledge of hydrometric work would be an advan- 
tage. 

The post holder is required to work as one of a team in the 
Hydrological Section and is responsible to the Principal Engineer, 
Hydrology. 

Terms and condrtions of service in accordance with The National 
Joint Staff Council for the water industry. 
Application forms, which should be returned by 24 February, 
1 984, are obtainable from the Office Manager. 

LINCOLN DIVISION 
50 Wide Bargate, Boston, 
Uncs PE21 6SA. 



Fmhwatar Biolog<<al Asaociation 

VACANCY FOR PHYSICAL 
UMNOLOGIST AT WINDERMERE 

Applications are invited for a ttve«- 
yMr post In physical limnology, to 
work on exchanges of energy and 
matter across water-atmosphere and 
water-sediment interfaces and trans- 
port of dissolved and particulate 
matter in lalce ecosystems. Potential 
candidates should possess at least a 
good honours degree in physics and/or 
nutherrutics and should ideally have 
some experience of environmental 
data collection and processing. 
Salary and conditions of service are 
anakraous to those of Scientific Officer 
(£6Ba2-£7765) or Higher Scientific 
Officer (C7149-E9561) in the Civil 
Service, gross pay depending on quaii- 
tications and sxperianca. Ful details 
and application fonna from the Secre- 
tary, Frethwatar Biologk»l Associa- 
tion, The Ferry House, Ambtasida, 
Cumbria LA22 OLP fTel 09662 2468). 
Ooaing dMa 24 February . 1984. 



TECHNICAL 
TRANSLATOR 
SWITZERLAND 

The Pharmaceuticals Division of a large Swiss enterprise 
requires the services of an English translator to join a team 
at Its headquarters in Switzerland. 

The work chiefly involves the translation from German into 
English of technical instructions for use in the production of 
pharmaceuticals and in the analysis of pharmaceutical 
chemicals and preparations. 

Applications are invited from candidates (aged under 45) of 
English mother tongue with a degree-level knowledge of 
German and a degree in chemistry. Well-qualified 
translators without a scientific degree can also be 
considered, but they should have had considerable 
experience in the professional translation of chemical texts. 
Acquaintance with chemical or pharmaceutical production 
and analytical methods would be an advantage. 

Applications, accompanied by a curriculum vitae, should be 
addressed to Translators' Guild Ltd, 24a Highbury Grove, 
London N5 2EA. 




amberiuell 

HEALTH AUTHORTY LONDOfV 

King's College Hospital 

SENIOR PHYSIOLOGICAL 
MEASUREMENT TECHNICIAN 

required for the Cardiac Department of this busy teaching 
hospital. The post is varied and challenging with responsibility for 
supervising junior staff and the opportunity to become involved 
in research. O.Tec/H.Tec level and three years relevant experience 
required including Cathetensation laboratory work. 
Salary scale: £6795-£8249 pa inc. 
Application form and job description available from: 
Unit Personnel Department, King's Coiiege Hospital, 
Denmark Hill, London SE5 9RS. Tel: 01-274 6222, 
ext 2408. 

Quoting Ref No UP/631. 



Inorganic Chemist 

Wc are the leading UK manufacturer of Laboratory Chemicals and 
reagents and we now have a vacancy for a recently qualified 
CHEMISTRY or MATERIALS SCIENCE graduate in our Inorganic 
Development Research Department. 

This Dcpanmeni carries out process development on a variety of 
chemicals for laboratory and industrial use. with special emphasis on 
materials for the opto-clectronic industry. 

Applicants should have a keen interest in practical chemistry and some 
knowledge of the role of inorganic materials in modem technol<^. 

We can offer a competitive salary together with annual bonus, 
contributor> pension scheme, subsidised staff restaurant and active social 
and ^rts dub. 

Applications in writii^ with full curriculum 
vitae to: Mr J. M. Gw^on, Persoaoel 
Officer, BDH CHEMICALS LTD, 
Broom Road. Poole, Dorset BH12 4NN. 



TOPEXPRESS LIMITED 
SdcBtfflc tad Conpatcr Coanhaati 

RESEARCH 
SCIENTIST 

We require a postdoctoral scientist with fiiK 
ctass research experience to join a smaU 
team doing fundamental research in fluid 
mechanics. The work involves both 
theoretical and experimental studies of high 
Reynolds number flows. 
Topexpress has been established for five 
years and now employs twenty scientists 
worldog on lon^-term research projects. 
Work to date has included active control of 
sound and vibration, structural acoustics, 
acroacoustics and other wave phenomena. 
Wc fjfovidc an informal working environ- 
ment in central Cambridge and wc 
cncouriigc publication of research findings. 
Salary is generous and negotiable. 
Applications with a curriculum vitae and 
the names of two referees shoukl be sent to 
Dr C. F. Ross, Tqpexpreis Limited, IVIA 
Round Church Street, Cambridge CB5 
8AD. 
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Scientist 



with electronics/instrumentation experience? 
Use your sicills in a development role 



around £10,000 



South Bucks 



This interesting post will suit an experienced graduate with a knowledge of 
instrumentation and electronics used in an industrial/scientific environment. 
Based at our Amersham headquarters laboratories, the successful candidate will play 
a key role in a team providing wide-ranging support to scientists and engineers 
developing new products, often in the health-care field. The work calls for liaison with 
scientists in many disciplines. 

Candidates should be familiar with the principles of radiation detection and 
measurement, and should be capable of applying electronics and computers in a 
high-technology industrial environment. Experience of physical measurement, 
analytical instrumentation or the application of automation in chemical production 
would be advantageous. An innovative approach to problem solving, and an ability to 
lead other members of the team are essential. 

Amersham International pic is a world leader in the supply of high technology products 
for use in medical diagnostics, industry and research. 

Please write with a detailed c.v to Mrs. Joan Cook, Personnel Department, at the 
address below 



Amersham International pic 

White Lion Road Amersham 
Buckinghamshire HP7 9LL 



yimersham 



Institute of Fisheries 
and Marine Tteclmology 

Applications or nominations are invited for this challenging 
position for an educational administrator with a strong 
scientific/technological background. 



President 




The Institute will occupy a new campus now under 
construction in St. John's, Newfoundland, adjacent to 
Memorial University's Scientific and Ocean Engineering 
facilities and to the National Research Council's Arctic Vessel 
and Marine Research Institute, and close to the Federal 
Government's Northwest Atlantic Fisheries Centre. The 
Institute will be an important part of the aggregation of 
facilities that makes St. John's a major centre for fisheries 
education and marine research in Canada and the leading 
Centre for Cold Ocean research. 

Here is the foundation and opportunity to build a world 
class institute. Respond in confidence to Project 6166. 

Toronto: (416) 920-7702. 64 Prince Arthur Ave. M5R 1B4 

Montreal: (514) 849-5357 1115 Sherbrooke St. W. H3A 1H3 

Calgary: (403) 265-8780 700-4th Ave. S.W. T2P 3J4 

Vancouver: (604) 669-3550. 999 W Hastings St. V6C 2W2 

The Caldwell Paitners IntermtiDnal 

Houston / London SWI / Toronto / Montreal / Calgary / Vancouver 



/f — ; — ^ — ^ 

Scientists 

(fifty not enter Sales? 

Salaries 
£6500-£8000 Basic 
•f Car + Bonus 

If you want a career with a 
fiiture, where yoa are rewarded 
according to your ef&n then 
consider selling. We have 
vacancies with major 
companies in medical/scientific 
equipment, pharmaceuticals 
and diagiKBtic reagents, 
throughout the U.K. 

For a local interview to 
discuss an exciting future ring 
Sutclifft Selection 0256 55955, 
(24 hours) 46/4fi Essex Road, 
L Basingstoke, RG21 1TB. j 

Sutcliffe 
Selection j 



SWATH Ships: 

Hydrodvnamic studies 

(rcf N.\15-S) 

Glasgow University Marine Technoigy 
Centre has a \acancy for a research assistant 
to work on hydrodynamic testing of 
component resistance and scaling studies of 
multi-hull and SW'.VTIl ships at wave- 
making speeds. [>irected by Dr A. M. 
Kerguson. FRIN.A at the University's testing 
tank, the project would suit a researcher 
with a hydrodynamics background. Both 
cspcrimcntal and theoretical work arc 
in\ol\ed. Further details arc available from 
the address below Cphonc 04I-.139-8855 
X.'i61 or04l-.'t.t9-W6'»). 

Starling salary will be on the range 
£6.110-8975 depending on qualifloclions. 
cxpenence and age. 

nosing dale: 2 March. 1984. 

.Applications, which should include a curric- 
ulum vitae and the names and addresses of 
two referees, should be sent to; 

Project Administrator. 
Marine Technology Office. 
James Watt Building. 
Glasgow Universitv. 
Glasgow G 12 800 



THE UNIVERSITY OF ASTON 
IN BIRMINGHAM 
Department of Mechanical and 
Production Engineering 

RESEARCH ASSISTANT 
Applications are invited from good 
graduate mechanical or production 
engineers for the above post to 
conduct research and development 
into the drawing of special and new 
non-ferrous alloys at elevated 
temperatures through new die 
materials, with new lubricants 
using new equipment. Opfwrtunity 
may be available for submission for 
a higher degree. 

The appointment will be for a 
period of three years, and the 
commencing salary will be within 
the range £6310 to £6745 pa. 
Employment prospects on 
completion of this contract are 
very good. 

Application forms and further par- 
ticulars may be obtained from the 
Staff Officer (quoting Ref: 591/32), 
University of Aston in Birmlng- 
htun. Gosta Green, Birmingham 
B4 VET. Tel: 021-359 3611 Ext 4564. 
Closing date for the receipt of 
applications is 2 March, 1984. 
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THE WEST OF SCOTLAND AGRICULTURAL COLLEGE 
Glasshouse Investigational Unit for Scotland 

SENIOR HORTICULTURISTS 

Applications are invited for two Horticultural posts on salary 
grade II. 

SENIOR EXPERIMENTAL OFFICER— Post No 936 

SENIOR HORTICULTURAL ADVISER— Post No 935 

The Experimental Officer will take charge of the Development 
Programme at the Glasshouse Investigational Unit forScotland and 
the Adviser will co-ordinate and participate in the provision of 
advice to growers in the West College Province. 
Applicants should have horticultural, or other appropriate 
qualifications of at least degree standard and several years' 
experience of work relevant to the post in question. Applicants 
must hold a valid UK licence to drive a motor vehicle. 
Salary: Grade II £10 907 rising to £13 599. 
Further particulars (please indicate which post(s) are of interest) 
may be obtained fron the Personnel Officer, The West of Scotland 
Agricultural College, Auchincruive, Ayr KA6 5HW, to whom 
applications must be returned by 24 February, 1984. 



BOEHRINGER INGELHEIM LIMITED 

MEDICAL STATISTICIAN 

Boehringer Ingelheim Limited is a part of a large international 
group which researches, develops, manufacturers and markets a wide 
range of pharmaceutiod products. 

We are seeking an experienced Medical Statistician to be 
primarily concerned with the company's clinical trials. In addition to 
advising on the statistical design of trials, clinical trials forms and 
carrying out statistical analysis of results. thefC will be dose 
involvement with associated computer systems. 

The ideal candidate will have degree or professional qualification 
in statistics with at least two years' experience working within the 
medical department of a pharmaceutical company. The person 
appointed will support the activities of our team of medical advisers 
and will report directly to the medical director. 

We are situated in a pleasant, semi-rural part of South Berkshire, 
and provide exoeUent woikiiig conditions and stafFbenefits. 

Intensted anriicants should write enclosing a curriculum vitae or 
telephone direct for an application form to: 

The PWMB—1 DepartBcat, BoehrfaMcr i fiiMi^ y |M|t f 4 , 
Sortwni IidMtrtal Emte, BtadoMli, BoUn 1612 4YS. 
Tel: (0344) 424600. 



PHARMACEUTICAL 
RESEARCH AND 
DEVELOPMENT 



Wyeth Laboratories is a major international pharmaceutical 
company with a broad commitment to research and development 
to provide new products in the field of medicine and nutrition. 
Due to expansion of the Pharmaceutical Research & Devel- 
opment Department a vacanq^ has arisen in our solid dose 
fonnulation group to join an extremdy active development team 
woridng on interesting new products, new formulations and new 
kleas. 

Retporaibilitiei include the develo p ment of oral tablet, capsule 
and novel dosage forms of new dwmicai entities and existing 
compounds. The work Involves a wide span of activities ranging 
from physical pharmacy, biopharmaoeutics, preformulation, 
formulation and stability. Proiect resporajUities extend into scale 
up studies, process development ana transitional stages to fijil 
production. 

This post is ideally suited for a graduate pharmacist or chemist 
with 2-3 years relevant experience, or a person with research 
experience who expects to gain a postgraduate qualification in 
the near future. Candidates should possess a sound knowledge of 
pharmaceutical technology , be well motivated, capable of demon- 
strating initiative and be able to communicate precisely and effec- 
tively. The post will also carry some supervisory responsibility for 
technical staff. Salary will be dependent upon age, qualifications 
and experience. 

For an application form and further details please contact: — 

Mrs. P. A. Thomas, Porsonnel Dopartment. Wyeth 
LaboratoriM, Huntarcombe Uum SoiHii» Tapww, Nr. 
MaidanhMd. Bwfcs. SLA OPH 

Tet: Bumham (06286) 4377 ext. 4342 
ReftPO/18 




NATIONAL INSTITUTE FOR 
BIOLOGICAL STANDARDS AND 
CONTROL 

DMsion of Honnones 
TBCHNICIAN 

We wldi to recniit a graduate to join 

a group in the Phamacology Labo- 
ratory working on the isolation of 
biochemical characterisatimi of the 
endogenous pepOdes that mediate 
the effects, eg fever of bacterial 
endotoxin. 

A sound knowledge and experience 
of techniques (eg chromatO(^phy, 
particularly HPLC, and Imniu- 
nological procedure) used for the 
purification of small quantities of 
biologically active polypeptides is 
necessary. Applicant should have a 
degree or equivalent In tatocbem- 
istry or cheimstry. 
Salary is on a scale of £5491 to £7747, 
dependent on age, qualifications 
and experience, plus £1042 London 
Weighting. 

Please write or telephone for an 
application form and further details 
to the Personnel Department, 
National Institute for Biological 
Standards and C!ontrol, Holly Hill, 
Hampstead, London NW3 6RB, tele- 
phone 01-435 2232. 
Please quote reference no HO/058. 
CloBiiig date tor iqppHcatlona la 30 



EDITOR 



Maxingira is an established intemationai journal (6 issues 

per year) on environment and Third World development 
covering policy analysis, research, development and action 
on the environment; information about international 
environmental issues/events; and a section specifically 
designed to increase public awareness of the environment. 

The publisher seeks an experienced magazine person, with 
scientific background and sound creative writing ability, 
capable of adapting texts from a wide range of sources to 
a style appropriate to the journal's audience, who will be 
expected to assist in the commissioning of articles and thus 
establish a wide range of contacts at the highest level. 
He/she wiH be responsilsleforaH aspects of production prior 
to printing. 

Location: Dublin, Ireland, or Oxford, UK. Salary and terms 
negotiable. 

Apply in writing in first instance, enclosing cv and samples 
of work, if appropriate to: Mr A. Harris, General 
IVIanager, Tycooly Intemationai Publishing Ltd, 6 
Cnifton Terraca. Dun Laoghaira. Co. Dublin, Ireland. 



OXTORP TO mVMMIW 
Physical ChemMiT I^ieeataajr 

FOS r DOCTORAL RESEARCH 

ASSISTANT 

Applications are invited for an 
SEKC funded appointment to work 
with Dr R. P. Wayne on 
investigations of reactive gases and 
radical species of atmospheric 
importance. The research is a 
collaborative programme between 
the Physical Chemistry Laborataiy 
(PCL), Oxford and the Rutherfonl 

Appleton Laboratory <RAL>, situ- 
ated some 15 miles south of Oxford. 
The succesful applicant will divide 
his time between Oxford, where be 
will investigate sources of the radl> 
cats, and RAL, where he will bring 
chemical skills to a team of atmo- 
spheric physicists carrying out high 
resolution Fourier spectroscopy. A 
major objective of the studies ia 
the Interpretation of upper atmaa- 
pheric data obtained from !mlVwmii 
rockets and satellites. 
The asaistantship is for three yeaza, 
commencing as soon as possible at a 
starting salary of up to £8530 with 
membership of USS. 
Applications with CVs and the 
names of two referees should be sent 
to Dr R. P. Wayne, Physical Chem- 
istry Laboraton', South Parks 
Road, Oxford OX'l 3QZ. 



Oupyiiylilgg in,i[i:Mril 
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INFORMATION 
OFFICER 

Horsham, West Sussex 

A vacancy has arisen tor an experienced Information Officer to join tfie 
Information Services Unit at our Headquarters in Horsham. 

The Unit provides medical and scientific infonnation services in-house to our 
medical, marketing and R&D departments, and also externally to members of 
the medical profession. 

Duties will include enquiry answering, literature searching using both manual 
and on-line systems, and current awareness services. 

This post will suit a life science graduate, particularly phamacology or 
pharmacy with 2-4 years experience in medical/scientific information work, 
ideally in the pharmaceutical industry. 

We offer an attractive salary, and the first class benefits one would expect from 
a leading company within the pharmaceutical industry. 

To apply, please write giving brief details of age, qualifications and experience 
to: 

Miss S.J. Byme, Personnel Officer, 

Ciba-Geigy Pharmaceuticals Division, Horsham. West Sussex RH12 4AB. 



CIBA-GEIGY 




4a 



nalyst/Programmer 

for development of 
R&D Information Systems 

The Wellcome Research Uboratories are looking for an experienced ANALYST/ 
PROGRAMMER to join a small team designing and developing database systems for scientific 
information. Knowledge of COBOL, together with some experience of systems design will be 
of advantage. You will also need the ability to communicate at all levels with user Departments 
and have the potential for progression. Where necessary training in analysis and database 
techniques will be provided. 

The Company operates IBM 4341 and 3033 computers using VM/CMS and MVS operating 
systems. There is a large communications network serving several sites in the UK. 

Salary will be in the range £9000 to £10000 depending on experience and potential. Less 
experienced applicants may be considered on a lower salary scale. 

The Laboratories are situated In pleasant paricland surroundings within easy reach of Central 
London. Excellent benefits include five weeks' holiday annually. Company persion fund, sick 
pay scheme, subsidised canteen and assistance writh re-location expenses where appropriate. 

For an application form, please ring our automatic telephone answering service on 
01-650 6541, giving your name, address and telephone r|umber and quoting 
reference WRL/253 or write to Miss E. M. Josset, Personnel Officer, The Well- 
come Research Laboratories, Beckenham, Kent BR3 3BS. 

^HHH^^HHB^^^^^^^^H Wellcome 




WANDSWORTH HEALTH 
AUTHOBmr 
Atkinson Moiiejr's Hospital 
Department of Medical Physics 
ELECTRONICS TECHNICIAN 
A Technician is required to design, 
build and develop microprocessor 
based instruments including both 
associated hardware and software. 
The person appointed will join a 
small team of scientists and tech- 
nologists providing a service to 
Atkinson Morley's Hospital and to 
other Hospitals In the District and 
Region. 

Educational standard will be to at 
least H-TBC or HNC with a 
minimum of five years appropriate 
experience, including work with 
microprocessors. The appointment 
will be in the grade of Medical 
Physics Technician n. 
The starting salary will be £8009, 
with increments up to a maximum 
of £9835 including London Weight- 
ing. Post available from April, 1984. 
For further information please 
contact Ian £^'ersden, Principal 
Physicist. 

Application form and Job desci-ip- 
tion available from Hospital 
Administrator. Atkinson Morley's 
Hospltol, Copse Hill, Wimbledon, 
London SW20. Tel: 01-946 7711. 



GRAN FIELD 

RESEARCH ASSISTANT 
for work on planetary gear-trains. 
The aim of this SERC-supported 
project is to investigate and develop 
a design code for large two-stage and 
three-stage planetary gear-trains 
with reversing facilities, having 
particular regard to marine appli- 
cations. There wlU be opportunity 
for technical collaboration with 
Allen Gears (part of the NEI-APE 
Group). 

The work, which is theoretical, 
should be suitable for a PhD thesis. 
Previous experience vrith gearing is 
not essential. Candidates should 
have a background In engineering 

and/or matlietnallcs, itie ability to 
think logically from first principles 
and a preference for working in a 
small, informal group. 
For an application form and further 
information, please contact: The 
Personnel Department, Cranfield, 
Institute of Technology, Cranfield, 
Bedford MK43 OAL. Tel Bedford 
(0234) 750111, Ext 3336. 



ST MARY^ HOSPITAL 
MEDICAL SCHOOL 
(University of London) 
Norfolk Place, London W2 IPG 

Academic Surgical Unit 
MEDICAL LABORATORY 
SCIENTIFIC OFFICER 
Applications are invited for the post 
of Basic Grade MLSO in the above 
department which has research 
interests in surgical metabolism, 
wound healing and animal models 
In disease. The work is biochemi- 
cally orientated and a knowledge of 
HPLC and animal experimentation 
would be advantageous. 
Those with degrees would have no 
opportunity to study for a PhD with 
this post. 

Starting salary £7413-£7747 plus 
London Allowance. 
Further information from Miss Jose 
Biglin, Academic Surgical Unit, at 
above address, Tel No (01) 723 1252 
Ext 46. 

Applications with cv and names and 
addresses of two referees to be made 
to: Assistant Secretary (Persormel) 
at above address by 29 February. 
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Teratologists 

Huntingdon Research Centre is the largest 
contract research organisation in Europe, involved 
in the biological safety evaluation of 
pharmaceutical, agricultural and general 
industrial chemicals. Because of business growth, 
we require additional Teratologists to supplement 
our existing team of internationally recognised 
scientists who are leaders in their field. 

It is essential that candidates should be 
experienced in the evaluation of foetal changes in 
the species of animals normally used to assess the 
safety of new medicine, food additives and 
pesticides. The successful applicant will have a 
degree, or equivalent qualification, in the 
biological sciences and preferably some five years 
relevant practical experience in an 
industrial situation. 

In return we offer a competitive salary with a 
full range of benefits and assistance 
with relocation. 

Please write giving full details of experience, 
qualifications and expected salary to: 
Mrs. Nancy McCree, Personnel Officer, Industrial 
and Environmental Studies Division, Huntingdon 
Research Centre, Huntingdon PElg 6ES, 
phone 0480 890431, extension 3251. 

Closing date for receipt 



HRC 



of applications: 
17th February, 1984, 



Huntingdon Research centre pic 




Due to an expanding research and development jjrogramme, 
Lundbeck Limited has further vacancies for Clinical Trials 
Officers to undertake pre- and post-marketing clinical trials in 
the UK and Ireland. 

Applicants should be qualified in pharmacy, pharmacology, 
biochemistry or biology. The essential requirement is 
experience in the design, planning, arrangements and follow-up 
of clinical trials, both in the GP and hospital setting. Preference 
will be given to applicants with experience of clinical trials, 
particularly in psychopharmacology. 

It is envisaged that suitable candidates will be 25-33, 
enthusiastic, with a sound professional outlook. The salary 
offered is negotiable depending on experience, and a Company 
car will be provided. The positions will be based at our offices 
in Luton. 

Additional benefits include free BUPA, life, personal accident 
and permanent health insurance; a first-class pension scheme 
and four weeks annual holiday (rising on service). 

Write or telephone in confidence for an application form to: 



JLiW^IIre 



Lis Ledfter 
Lundbeck Limited 
Lundbeck House 
Hutinn Street 
Luton, Beds LlTl 5BE 
Telephone: Luton (0582) 416565. 



univeRSity 
colleqe of 
Swansea 



Chair of Mechanical 
Engineering and Headship of 
Department 



Applications are invited for the Chair 
and Headship of the Department 
of Mechanical Engineering from 
October 1, 1984. 



Further particulars may be 
obtained from the undersigned. 
University College of Swansea, 
Singleton Parit, Swansea, SA2 
8PP, to whom applications 
{1B copies) should be sent by 
l\4arcti 16. 1984. 

V. J. Camay 

Registrar 



MEDICAL RESEARCH COUNCIL 
CUNICAL PHARMACOLOGY UNIT 

UNIVERSITY DEPARTMENT OF 
CLINICAL PHARMACOLOGY 
RADCLIFFE INFIRMARY 
OXFORD 0X2 6HE 

TECHNICIAN 

required for s research project concerned wrih 
(he neuro-cl^eniistrY and neuro-pharmacology of 
aniidepresssni dri^gs with emphasis on 
the rT>echinism of sciion of etectroconvulsive 
thoraphy 

Applicants should have HNC, degree or equiv- 
alent qualifications Familisnty with bioch«fnical 
techniqueft would be an advantage. 

Salary will be within the range C5491-C7747 

Applications, with the names and addresses of 
two refereas. should be sent to Mr J A Rose at 
the above address by 20 February. 1984 



Toxicology 
lechnicians 

Stocky Essex 
c.£5,500-£7,500 

As part of continual expansion, Beecham 
Pharmaceuticals has acquired a new larger site at 
Stock, near Chelmsford. 

Applications are invited from Toxicology 
Technicians with experience of animal dosing for a 
number of vacancies in the Toxicology Department. 

Aged at least 18, you will possess a knowledge of 
routine toxicology procedures and ideally an 
appropriate formal qualification such as lAT. 

Day release opjxjrtunities for further study will 
be provided. 

For an application form please write to the 
Personnel Department, 
Beecham Pharmaceuticals Research Division, 
Honeypot Lane, Stock, Essex CM4 9PE 
quoting reference 1/84. 

Beecham 

■ Pharmaceuticals! 



The Royal Society for 
the Protection of Birds 

ASStSTANT REGIONAL OfHCER (WAL£S) 
IBMed It PSra ihtm OAca. Mmamr. PowrM 

A second ARO post to supplement the worit of 
the RegorvaJ Officer, an existing Assistant sod a 
Reserves Manager (Wates)- 

Outtes: assist generetty in fepresentir>g RS8P 
in Wales, with emphasis on 

(at liaison with statutory ar>d other volun- 
tary bodws on conservation metters. 

(b) Supervision of seasonal contfwrt 
worVers on survey, census and 
management worit. 

(c) Aspects of species protectton work. 

Applicants (age 30-401 must have sound bird 
krvowiedge ai>d academic ecoknical/biologicBl 
training: should be confident in debating conser- 
vation issues. Much travel involvea! Wetsh 
speaker prefered. 

Salary range {:6297-C9S16 x 12 increment 
(under review from 1 ApriJ, 1984) 

For details and application form sand see to 
Personr>el, The Lodge. Sandy, Bedfordahire 
SG19 2DI 



A Bigger Career 
Choice in 
Medical Sales 

If you have a scientific or 
paramedical background and 
want to succeed in a 
commercial environment 
leading to a managerial role, 
then phone Andree Osborne 
or Alistair Ross now on 
01-222 1547, 
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Design Engineer 

Current prospects in 
circuit design 

IBM United Kingdom Laboratories Limited at Hursley, about five miles from 
Winchester in Hampshire is one of the Corporation's largest development facilities 
in Europe. 

\We are looking for an additional Design Engineer, male or female, to work on 
linear and analogue circuit design to be integrated on single silicon chips for use in 
computer peripherals. 

Essential requirements should include: 

• A good honours degree in Electronics, Physics or Qectrical Engineering. 

• Experience in Computer Aided {Design techniques. 

• Enthusiasm for fundamental circuit design. 

• Sound knowledge of semi conductor physics. 

• Keen Interest in detailed circuit design, eg. amplifiers, phase locked loops and 
control systems at the silicon level. 

IBM United Kingdom's extensive benefits package includes an excellent salary, 
flexible working hours, free life assurance, contributory [tension scheme and BLlPk 
membership. Relocation assistance to this attractive part of Hampshire will be pro- 
vided where appropriate. 

If you can meet the requirements and wish to consider joining an exciting and 
dynamic team, contact Ron Stotter, Personnel Officer,for an application form, at 
IBM United Kingdom Laboratories Limited. Hursley Park, Winchester, Hants. 
S021 2JN. Please quote ref: NS/7566 



• 1 5,000 jobs in over 40 UK locations 

• Two manufacturing plants 

• Development laboratory near Winchester 

• An equal oppwrtunity employer 

• £522 million exports in 1982 

• £119mlllion invested in UK in 1982 



Medical Information 
Executive 

Pharmaceuticals -Welwyn Garden City 



Roche Products Ltd is a major inter- 
national pharmaceutical company 
with a fast expanding research 
programme directed at developing 
new drugs in several important areas 
of health care. The emphasis is very 
much on growth and a new division 
has recently been established to 
increase company capacity still 
further. 

At our Head Office in Welwyn Garden 
City, we are now looking for a highly 
experienced Information Executive to 
be responsible to the Head of Medical 
Information for providing a compre- 
hensive range of information for the 
medical and allied professions, and 
within the Company. This will cover 
ethical products in certain areas of 
medicine and therapeutics and the 
person appointed will, in effect, 
become the expert in those areas. 



We are looking for a man or woman 
with a degree in Pharmacy or a Life 
Science, together, ideally, with some 
experience of information work, 
preferably in the pharmaceutical 
industry. An ability to communicate 
fluently both verbally and in writing is 
essential together with skill in writing 
literature, checking and writing 
creative advertising copy. 

The appointment carries a highly 
competitive salary and an attractive 
range of benefits including pension 
fund, free life assurance, 24 days' 
holiday, Christmas award, subsidised 
restaurant and free BUPA. 

Write or telephone for an application 
form to Mrs Judge, Personnel Officer, 
Roche Products Limited, PO Box 8, 
Welwyn Garden City, Herts AL7 3AY. 
Telephone Welwyn Garden 281 28 ext 
2129. 




DURHAM UNIVERSITY 

Department of Applied PliTsics 
and Electronics 

Applications are invited for the post 
of 

CAD OFFICER FOR VLSI DESIGN 
The post is associated with the 
SERC supported MEng/MSc course 
in IC design given in Durham. The 
Officer will bie expected to become 
expert in the use of the growing 
range of electronics CAD paclcages 
and IC test facilities provided by 
SERC and to support and develop 
their use locally. 

Candidates should preferably have 
some postgraduate or Industrial 
experience of VLSI design and/or 
electronics CAD. The post is 
tenured and it may be possible to 
work for a higher degree. 

Salary will be on the Experimental 
Officer scale £6310-£11 615 plus 
superannuation. 

Applications (three copies) naming 
three referees should be sent by 29 
February, 1984 to the Registrar, 
Science Laboratories, South Road, 
Durham DHl 3LE, from whom 
further particulars may be 
obtained. 



TOPEXPRESS LIMITED 
Sciendflc and Computer Consultants 
seeks 

PROGRAMMERS 

to join a team working on compilers, 
operating systems and other system 
software for a variety of computere. 
The successful candidate is likely to 
be a Computer Science graduate with 
a practical approach to problem solv- 
ing. Flexibility and enthusiasm are 
more important than any specific 
experience. 

Topexpress has been established for 
five years and employs 3S full time 
staff The company is based in central 
Cambridge and offers an informal 
working environment with good 
benefits including profit sharing, 
personal health insurance and a 
pension scheme. 

Applications should be made in writ- 
ing with a curriculum vitae and the 
names of two referees to: 
Dr R. D. Evans 
Topexpress Limited 
13/14 Round Church Street 
Cambridge CBS SAD 



UNIVERSITY OF WARWICK 

RESEARCH TECHNICIAN 
In the Developmental Biology 
Group of the Department of Biolog- 
ical Sciences, to work on the anal- 
yses of gene activity in the devel- 
oping embryo. The work involves 
the use of modem recombinant 
DNA techniques. Applications are 
invited from graduates and others 
with appropriate qualifications in 
bio-chemistry and/or microbiology. 
The post is for a contract period to 
December, 1985. Salary on the Tech- 
nician Grade 3 scale: £5151-£6035 pa. 
Application should be made by 
letter giving full details of age, 
qualifications and experience 
quoting Ref No: 26/T/84/P. to the 
Personnel Office, University of 
Warwick, Coventi? CV4 7AL by 16 
February, 1984. 



ENVIROTEST. A scientific consul- 
tancy company seeks a Qualified 
Individual witJi practical experi- 
ence to carry out consultancy work. 
Good opportunities, salary nego- 
tiable. CV to: Envirotest Ltd, 223 
Hatfield Road. St Albans, Herts. 
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THE UNIVERSITY OF MANCHESTER/ 
DARESBURY LABORATORY 

Synchrotron Radiation — 

Post Doctoral Posts 
in X-Ray Spectroscopy 

Re-advertisement 

Applications are invited for two positions funded by SERC, 
tenable from as soon as possible for two years in the first 
instance. One post is concerned with research at the 
Synchrotron Radiation Source at Daresbury and the successful 
candidate would be responsible for the development and 
commissioning of a fluorescence detector facility on the X-Ray 
Spectroscopy Station on the Wiggler beam line. The second 
post is in connection with the recently established EXAFS 
service at Daresbury, which is designed to enhance the 
applications of EXAFS techniques to the snjdy iof chemical and 
biochemical s^ems. Applicants are expected to hold a PhD in 
Physics, Chemistry, or a Biological Science. Experience in 
instrumentation and/or computation would be advantageous. 
Salary range pa: E7190-C1 1615 (Superannuation). 

Applications, with M cv and tha nanes of two refemes, to 
either 

Dr C. D. Gamer, Chemistiy Department, University of 
Manchester, Manchester Ml 3 9PL or Dr S. S. Hasnain, 
Daresbury Laboratory, Warrington WA4 4AD 

by February 2 1 , 1984. 



Pharmacologist 

Huntingdon Research Centre is the largest 
contract research organisation in Europe involved in 
the biologjUMl safety evalmtion of pharmaceutical, 
agricuttural and getieml industrial chemicals. 

We require a Pharmacologist in the Department 
of Pharmacology to join a team undertaking the 
pharmacological evaluation of nevel compounds for 
a wide variety of activities. 

Applicants should have a degree in 
Pharmacology or Pharmacy and one to two year's 
industrial experience preferably in biochemical 
and/or CNS pharmacology, would be an advantage. 

Starting salary would be dependent upon 
experience. We offer excellent benefits with 
relocation assistance, if required. The Centre is 
located in pleasant countiyside with excellent road 
and rail links to Cambridge, London and 
the Midlands. 

Please apply in writing with full cv. to 
Nancy McCree, Personnel Officer, 
Industrial and Environmental Studies Division, 
Huntingdon Research Centre, 
Huntingdon PE18 6ES, 
phone 0480 890431, 
extension 3251. 



HRC 



Nuntlngdon Research Centre 



MICROCOMPUTER 
SYSTEMS FOR 
LABORATORIES 

We need staff to join our 
team , marksiiiig an expaitding 
range of mlcracempiitir bated 
systems and wftware to 
scientific laboratorlei. A 
background in science or 
engineering and some 
Icnowledge of microcomputer 
hardware are important. Sales 
experience helpful but not 
essential. A company car is 
provided and regular travel is 
involved. Remuneration is by 
salary writhout commission. 

Mease write with details of 

your career to date, to the 
Director of Marketing, 
Heyden Datasystems, 
Spectrum House, Hillview 
Gardens, London NW4 2JQ. 



GLASGOW t NIV EKSITY 
Department of Botany 
GRADE 6 KLECI KON 
MICROSCOPE TECHNICIAN 

An experienced Electron Micro- 
seopeTBChnlrian la required for the 
Oarscube Laboratories. The 

successful applicant will be 
responsible for the suijervision of 
the technicians at the Laboratory as 
well as being responsible for provid- 
ing an EM service for the whole 
Department. HNC or equivalent 
qualification with 9-10 year.s experi- 
ence. Salary range £7202-£8602. 
Applications giving the names of 
two referees, should be sent to 
Professor M. B. Willcins, 
Department of Botany, Glasgow 
University, Olasgow 012 8QQ, as 
■oon as poMttde out no later than 
Monday, 96 FBIiniaiy, IMt. 
mraplyideaaequateRef. No. 5194N. 



Cranfield 

Silsoe College 

A new Chair in 
support of the food 
production 
industry 

Applications are invited for a new Chair at Silsoe College, Cranfield 
Institute of Teclinology. Tiiis Chair will be tiie first appointment 
leading to the estat)lishment of a strong, research-based group in 
support of the food industry in Britain. 

Preference will be given to appKcants who are recognised authorities 

in a particular field of science relevant to food production. The 
successful candidate will be capable of forming and leading a multi- 
disciplinary team undertaking a balance of fundamental and applied 
research supported by industrial and other food sector sponsors. 

The programme of work may be concerned with the development of 
a better understanding of the nature and properties of food raw 
materials and their inter-relationships. Work may also be undertaken 
on the synthesis of more cost-effective food manutacturing 
processes through improved engineering or food design. 

For further particulars please contact: The Personnel Department, 
Cranfield Institute of Technoloogy. Cranfield. Bedford, MK43 OAL 
Telephone: Bedford (0234) 7501 1 1 Ext 3336. 

Cloaing data for ^ipllBations: 12 March, 1984. 



WELSH NATIONAL SCHOOL OF 
MEDICINE 
(University of Wales) 

DEPARTMENT OF 

CARDIOLOGY 

POSTDOCTORAL 
RESEARCH OFFICER 

Applicants with experience in 
physkilogy / lplnmieealog y are kwiiad to 
apply for a S^year pott (wbiact to a 

probationary period) to ' join a small 
research team working on control mech- 
anisms in vascular smooth muscle, with 
particular reference to the role of 
endothelium- Individual initiative wilt be 
encouraged within this ares. 
Saning salary for luhiUv ONMidemdi- 
dates coukl be up to £8530 on the Seala 
for University Research and Analogous 
Staff Grade 1 A Applications in the fomi 
of a curriculum vitae wrth names and 
addresses of two referees should be sent 
to the Registrar and Secretary, Welsh 
National School of Medidne.Heath Parit, 
Cardiff, CF4 4XN tquoUng ref. No. 
C15/2/31I one month from ttw data of 
appearance of this advertisement 
Further information from Dr Malcolm 
Lewis (0222/755944 Ext. 2066 or 
2058). 



GUTS HOSPITAL 
OyrOOH NBTtCIST (B ASIC 
GRADE SCIENTIPIC OFFICER) 
Applications are Invited for the post 
of Basic Grade Cytogeneticist. The 
Centre provides a diagnostic cyto- 
genetics service, including prenatal 
diagnosis to the SE Thames Region. 
Practical experience in cytogenetics 
would be an advantage, but gradu- 
ates in Biology or Genetics oould be 
given training in this post. 
Salary: £6723-£9301 pa (dependinc 
on exiKrlence) 

For further information and an 
application form please contact the 
Personnel Officer, Guy's Hospital, 
St Thomas Street, London SEl 
9RT. Tel 01-407 7600 Ext 3471 
Quotin(RebP/3. 

Okirina date tar completed applica- 
ttam» February. MM. 
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Advanced Systems 
Consultancy and 
Development 



to £16,000 



Central London 



Logica leads. Through continuous innovation and applied 
technical expertise, we have grown to become a market leader 

The energy, public utilities and manufacturing industries look 
to our Industry Group for computer systems and related services. 
We are providing advanced technological solutions to today's 
problems in industry. Our projects involve: 

•k Image Processing 

•k Industrial Inspection 

•k Expert Systems 

At present we are looking especially for people with proven 
experience in these areeis to work on applications for industrial and 
energy sector clients. 

With Logica you will benefit from excellent salaries and career 
prospects. So if you are prepcired to give high levels of commitment, 
are seeking job satis&ction and can meet our exacting standards, 
then please send your full c.v. quoting reference lG/06/84 to 
Jennifer Williams, at 64, Newman Street, London, Wl 4SE or call 
her on 01-637 1511 for an application form. 



Icgfoa 



CANCER RESEARCH CAMPAIGN 
Normal Tissue Radiobiological 
Research Group 
Churchill Hospital 
Oxford 
Vacanctes exist for an 

ELECTRONICS TECHNICIAN 

and a 

RESEARCH TECHNICIAN 

to work in an expanding cancer research group 
The technicians appotnied will be required lo 
assist in a wide range of interesiing rsuarch 
proiecis 

The electronics technician would be encouraged 
10 design, construct and maintain various items 
of specialised equipment The appointment would 
be on scate til or IV for Medical Physics Tech- 
nicians, salary m the range ol C5552-C6588 pa 
depending on qualificaiions and sxpen«r>ce 

The research technician should have an interest in 
biological sciences and ewperierK:© m histology 
and/or cell culture techniques would be and 
advantage but not essential This appointment 
would be on the scale for Medical Laboratory 
Scientific Officers {salary range f5491-C6436 
pa) 

QuolifKations for both posts. ONC. HNC or 
equivaleni The successful cand«daies would t>e 
expected to show a degree of self-nx>t>vaiion 
although guidance and training with specific 
techniques would t>e given 

Further inforrvation from Mrs 6 Whitehouse. 
Oxford 64841 extension &48 or Mr D 
Wathnglon extension 637 Applications to the 
Director of Radiob«>logicat Research, Research 
tnstilute. CburchiU Hospital. Oxford, with the 
rumes of two referees, by 29 February. 1984 




Brighton 

Health 

Authority 



ROYAL SUSSEX COUNTY HOSPITAL 

MEDICAL PHYSICS TECHNICIAN (2) 

(Nuclear Medicine) 

Applications are invited for the above post in the IVIedical Physics 
Department. 

The successful candidates will be concerned with the provision of 
the Nuclear Medicine Service to the Brighton Health Authority. 
Previous experience in radio-isotope organ imaging and 
radioisotope procedures is essential. A knowledge of data 
processing and computer techniques would be an advantage. 
Salary £7386 pa rising by 8 annual increments to £9212 pa. 
Informal visits welcome. 

Application forms obtainable from the Unit Personnel Officer, 
Royal Sussex County Hospital, Eastern Road, Brighton BN2 5BE. 
Tel. Brighton 606611 Ext. 106. 



QUEEN MARY COLLEGE 
University of London 

GRADUATE RESEARCH 
ASSISTANT 

Applications are invited for an 
SERC-funded post for investigation 
of archaeological pottery by multi- 
element analysis using inductively- 
coupled plasma emission spec- 
trometry. The project involves 
collaboration between Mr R. P. 
Symonds, Colchester Archae- 
ological Trust, Dr J. N. Walsh, 
King's College, and Dr F. A. Hart, 
Queen Mary College. Candidates 
should ideally be chemistry, geo- 
chemistry or geology graduates with 
some knowledge of computing and a 
strong interest in archaeology. 
Appointment for one year with 
salary range £7496-£7931 pa. 
Further details available from The 
College Secretary, Queen Mary 
College, Mile End Road, London 
El 4NS, to whom application should 
be made by letter enclosing curricu- 
lum vltae and names of two referees. 



HJIC aJWCAL USEMW CENTRE 
(Noftlwkk Paili Hoipitil) 
WATfOUD ROAD. HMlOW 
HIOOX HAI 3U| 

APPLIED 
IMMUNOCHEMISTRY 
RESEARCH GROUP 

Applicattons are invited from science or medi- 
cal graduates for a 3 year postdoctoral position 
to partiapate m studies of the struaurc and 
function of glycoprotctn and glycotiptd markers 
of human tumours arxj leukemic cefts detected 
by monoclonal antibodies. The work will be 
earned out in a research group (Head of 
group Dr. Ten Feizi) wtlich is wt\ equipped 
for immunochemistry and carbohydrate 
bio-chemistry. A strong background in 
bio-chemistry is desirable. 
Salary scales are related to those for university 
non-clinical academic staff and the NHS for 
clinically qualified candidates. Salary on 
appointment will depand on age and experi- 
ence. 

Application forrrn and further details may be 
obtained by writing to Miss )- Cottom. Person- 
nel Dept Quoting ref. IOB/l/378*. 
Closing date for applications 2 March. t9&4. 



THE UNIVERSITY OF BRITISH 
COLUMBIA 

GRADUATE STUDIES IN 
CHEMISTRY 

Applications invited from candi- 
dates with high academic records 
who wish to pursue further studies 
towards the MSc and PhD Degrees 
in Chemistry. Excellent research 
facilities are available in all areas of 
modern Chemical Science ranging 
from Biological Chemistry to Chem- 
ical Physics. Teaching and research 
assistantships are available for all 
students in the programme. 
Stipends up to $20 800 are available 
to highly qualified students who 
hold scholarships; the minimum 
stipend for 1983-84 is $11 000. 
Application forms and further 
particulars may be obtained from: 
Dr L. Weiler, Professor and Head, 
Department of Chemistry, The 
University of British Columbia, 
2036 Main Mall. Vancouver. BC, 
Canada V6T 1Y6. 



POSTGRADUATE RESEARCH 
IN ZOOLOGY 

Various projects are available for 
research lesiding to PhD or MSc 
degrees, in fields ranging from cellu- 
lar to environmental levels and 
covering pure and applied Zoology. 
Some Studentships are available 
each year on a competitive basis. 
For further information please 
write to: The Secretary. Dept of 
Zoology, University College, Cardiff 
CPl IXL. 
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THE UNIVEBSmf OF 
MANCHESTER 

RESEARCH ASSOCIATBB (TWO) 
IN THE DEPARTMENT OP ORAL 
AND MAXILLX>FACIAL 
SURGERY 

Applications are invited for these 
two posts for an initial period of 
three years, to undertake research 
in laboratories within the 
Department of Pharmacology. 
Applicants should have experience 
in either electrophysiology or micro- 
vascular pharmacology. Initial 
salary range pa: £7190-£8530. SuF>er- 
annuatlon. Further details and 
informal visits by contacting 
Professor J. P. Rood, Department of 
Oral and Maxillo-facial Surgery, 
Turner Dental School, H^her 
Cambridge Street, Manchester MIS 
6PH (061-273 5252). AppUcations, 
with a curriculum vitae and the 
names of two referees, to be 
submitted by 5 March. 

UNIVERSITY OF LEEDS 

RESEARCH TECHNICIAN 
Grade 3 

required for an SERC funded 
project on protein phosphorylation 
in photosynthesis. The work will 
involve assisting with 32P- 
labelling and gel electrophoresis of 
chloroplast membrane proteins, 
fluorescence spectrometry and 
general laboratory duties under 
supervision. The post is available for 
three years from 1 April, 1984. Appli- 
cants should be qualified to at least 
ONC or equivalent level and have 
had at least three years laboratory 
experience. Salary on the scale 
£S151-£6035. Applications should 
include a full cv and be sent to 
Dr J. F. Allen, Department of Plant 
Sciences, Baines Wing, The Univer- 
sity, Leeds LB2 9JT by 15 February, 
1984. Further information is avafl- 
able on request. Telephone (0532) 
43151, ext 6580. 

UNIVERSITY OF WARWICK 

POSTDOCTORAL RESEARCH 
FELLOW IN MOLECULAR 
VIROLCX5Y 

In the Department of Biological 
Sciences to work on a project funded 
by the Etu-opean Economic Com- 
munity. The work will be concerned 
with the application of recombinant 
DNA techniques to the study of 
Rotaviruses. Salary will be on the 
Research lA scale: £7190-£11 615 pa. 
The position is available from 1 
April, 1984 for an initial period of 
two years. Further information can 
be obtained by telephoning Dr M. A. 
McCrae on Coventry (0203) 24011, 
Ext 6024. Applicants should send a 
cv with the names and addresses 
of two referees to the Executive 
Officer, Department of Biological 
Sciences, University of Warwick, 
Coventry CV4 7AL, quoting refer- 
ence MAM/NAR. Closing date 27 
February, 1984. 



MAKE USE 
OF YOUR 
SCIENCE 

Your science degree, laboratory 
background, or 'A' levels could help 
you become a medical /scientific 
representative. Many vacancies for 
trainees exist throughout the UK 
with excellent salaries + car 
+ benefits. 'Phone or write (no 
stamp needed), for your copy of 
our information leaflet to Colin 
Mackinnon. 

- 01-229 4214 

rlalentmark 

' Lnden in Heatth Cart Feeruttment 
FreeposI London W2 1BR. 
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The institut Laue-Langevin, situated in Grenoble, 
France, is a research centre run jointly by the UK, 
France and Germany, where scientists use neutron 
beams generated by a high flux nuclear reactor to 
carry out fundamental studies in physics, biology and 
chemistry. 

We now have a small number of vacancies for-. 

scientists for research 
using neutron beams 

The Institut regularly recruits scientists for periods of 
up to five years. The principal role of such scientists is 
to assist in thefull exploitation of the high flux neutron 
source, particularly bearing in mind the requirements 
of approximately 1700 visitors each year. There is a 
heavy involvement in the design and operation of 
instruments and in scientific collaboration as well as 
independent research. The fields of activity include 
theoretical physics, solid state physics, nuclear physics, 
crystallography, the liquid and amorphous state, 
chemistry and biology. Successful applicants, who 
may be on a secondment from a home Institute, will 
normally have had some neutron experience but 
outstanding applicants from related fields will also be 
considered. 

Senior Scientists 
in fundamental or 
nuciear pliysics 

Aseniorappointment will be made inl985 to supervise 
instruments in the field of nuclear fission, nuclear 
structure and fundamental physics. The person 
appointed will beexpected to carry out research in one 
of these fields and the Institut would at this time like 
to encourage studies in fundamental physics. The 
appointment will be for three to five years for a 
scientist on secondmentfromaUniversityorlnstitute. 

Post-Graduate 
research studentships 

Post-Graduate positions are available at the institut to 
enable exceptional students to benefit from its unique 
facilities for neutron beam research. UK applicants 
wishing to carry out post-graduate studies would 
normally be expected to hold a first-class graduate 
honours degree but studentships may also be held by 
students who have already completed part of their 
doctoral programme and have demonstrated a 
marked aptitude for research. In all cases students will 
be supervised by both a memberof staff from a home 
University and an ILL scientist. 

Applications in writing to: 
The Director, institut Laue-Langevin, 
Avenue Des Martyrs, 156X, 38042 
Grenoble, cedex, France 
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DURHAM UNIVERSITY 

LECTURESHIP IN PHYSICS 
Applications are invited for a 
Lectureship in Physics tenable from 
1 October. 1984 under the SEKC 
Special Replacement Scheme to 
enable the University to appoint an 
outstanding young researcher to a 
tenured post. The successful appli- 
cant v^ill be expected to contribute 
to undergraduate and postgraduate 
teaching, particularly in the field of 
Solid State Physics, and to become 
actively Involved In experimental 
research on Magnetism for which 
excellent facilities exist. 
Salary on the scale £7190-£14125 
with superannuation. 
Applications (three copies) naming 
three referees should be sent by 29 
February, 1984 to the Registrar, 
Science Laboratories, South Road, 
Durham DHl 3LE, from whom 
particulars may be obtained. 



THAMES POLYTECHNIC 
School of Biological Sciences and 
Enviromnental Health 
TECHNICIAN GRADE 4 
The successful applicant will take 
responsibility for the day to day 
organisation of a microbiology 
teaching laboratory including the 
provision of materials for classwork. 
Assistance in the School's other 
laboratories may be required. 
Applicants should hold an ONC or 
OND in Science, or OCE passes, 
including two at 'A' level, or equi- 
valent qualification plus relevant 
working experience. 
Salary scale: £6326-£7202 inclusive 
Further particulars and applica- 
tion form from the Staffing Officer, 
Thames Polytechnic, WelUngton 
Street, London SE18 6PP, to be 
returned by 21 February, 1984. 
Thames Polytechnic is an equal 
opportunities employer. 



UNrVERSITY OF CAMBRIDGE 
Department of Physical 
Chemistry 

POSTDOCTORAL POSITION 
available for research into the 
structure and reactivity of 
materials in the Bi-Mo-W-oxide 
system. Techniques to be used 
Include X-ray and electron diffrac- 
tion. X-ray emission and electron 
energy loss siiectroscopy, and high 
resolution electron microscopy. 
Applicants must have some experi- 
ence in crystallographic studies of 
oxides. 

The appointment will be for one 
year in the first instance, with pos- 
sible renewal for a second year. 
Applications, with cv and names of 
two referees, to Dr D. A. Jefferson, 
Department of Physical Chemistry, 
Lensfield Road, Cambridge CB2 
lEP, no later than 20 February, 
1984. 



UNIVERSITY OF NOTTINGHAM 
School of AgricnKnre 

RESEARCH ASSISTANT IN 
REPRODUCTIVE PHYSIOLOGY 
A postKioctoral Research Assistant 
is required for a period of 18 months 
to study the use of mUk tempera- 
ture measurements as an aid to 
oestrus detection in dairy cattle. 
Applicants should have a higher 
degree in Animal Physiology, or a 
related subject, and should have 
computing experience. 
Applications, including a full cv and 
names of two referees should be 
submitted to Prof G. E. Lamming, 
University of Nottingham School of 
Agriculture, Sutton Bonington, 
Loughborough, Lelcs. LE12 5RD 
from whom further written details 
of the post can be obtained. 
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Sales Representative 

-Research Products 

up to £11,000+ car 

Amersham International, a highly successful British company, is one of the world leaders in the 
manufacture and nnarketing of radiopharmaceutical products fOT an extensive range of research, 

medical and industrial applications. 

Continued growth of our business has created this opportunity which will suit a graduate, with a 
degree in the life sciences, who either has 2-3 yaarsf successful sales ocperience or who is familiar 
wi^ the use of our products in scientific research and now wishes to develop a career in sales. 
Reporting to the UK Field Sales Manager, you will work with a small team and be responsible for 
selling our extensive range of products to a weH established customer base in the research field. A 
willingness to relocate to a territory anywhere wItNn the UK is eesentiai. Full sales/product training 
will be provided. 

Excellent benefits will include relocation assistance, where appropriate. As a dynamic growing 
organisation we can offer real opportunities for career progression. 

Please write with full c.v to the Personnel Manager (AB), at tna address below or telephone Little 
Chalfont (02404) 4444. 



Amersham I nt«r national pie 

White Lion Road Amersham 
Buckinghamshire HP7 9LL 



yimersham 



NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
Microbiology Department 
A RBSEAROH SOIBNTIST 
is required to devise and develop 
new rapid methods for estimating 
the bacteriological quality of milk, 
milk products and other foods. The 
turtlier devekmment and automa- 
tion of tlie mrect eplfluorescent 
filtration technique (DEFT) is 
envisaged. Additionally, the appli- 
cation of nMiiotmmune, ELISA, and 
allied technlquw for food analysLs 
win be explored. 

Appointment will be as Scientific 
Officer (£5682-£7765) or ffigher 
Scientific Officer (£7149-£9561). 
Non-contributory superannuation. 
Candidates should have a First or 
Upper Second Class Honours degree 
in biological or physical sciences 
with at least two yews' relevant 
post-qualifying expoicnee for 
appointment as HSO. 
Am>llcation» to the Secretary, 
lORDSlilnlleld, ReMBng lUU SAT. 
Please quote reterence M/M. 

EDROCAT 

EEC reseutJi project at Unlvenlty 
of iionvain in Bmaseb 

BIOLOGIST 

with computing experience to work 
with epidemiologists in managing 

ml Mialyiihru Birtb llW ft flt B ORta 

bank. English and Rench essential, 
German or Italian an advantage. 
Post is available Immediately for at 

least two years. Salary scale £6000 to 
£8000, negotiable. 

Apply, sending curriculum vitae 
and names of three referees, with 
addresses, to: Prqiect Leader, Euro- 
cat, EPID 30-.34, QoB Cha^elle Aux 
Champs 30, 
Belgium. 



SPECIALISED EQUIPMENT 
DEVELOPMENT ENGINEER 

Pyrene Chemical Services Ltd, a member of the Brent Chemicals 
International group of companies and the leading UK supplier of metal 
pretreatment ct wr ni c sla, twB a vacancy in tn» Product Oovelopmant 
Laboratory at Ivar. BuddnghanMNra, for a Specialised Equipmeiit 
Developnwnt E ng l n o ar. 

The successful candidate will prolMbly be aged 21-30 and qualified to 
HND level or equivalent in electronics, sunh preferably a knowledge of 
chemistry to at least GCE 0' level standard. He/she will be primarily 
involved with carrying out feasibility studies on new product lines, design 
liaison wMi auii-ooniiactofa , qua lty comrq| on inc onriing aq ulpwem sno 
troublailiootinfla rapalr and caMbratlon of chemical ixaueainiant procass 
comrolan Iwtn in the WMratorv and on aitt (mairty in the UK tNit 
occaatonaly almad). 

It is anticipated that the successful applicant will have had practical 
experience in the repair to component level of analogue and digital 
circuitry and be able to modify circuitry and design new printed circuit 
boards to enable Hw automatic oowrotara to match Hia raqulrsmani a of 
new processes developed In Hie leboratorioa. Espaiianca witti Muatrlal 
process controlera, panioulariy those using conductivity sensors, win l>e 
an advantage Imt ia not aaaantial. 

The laboratories are modern, well-equipped and situated in ptoasant 
surroundings. BUPA membership, subsidised restrsursnt and acdve social 
club are among the fringe benefits offered. 

Please write or telepiwne for appNcstion form to: 
IVIrs M. Swinburne, 
Brent Chemicals intemational PLC, 
Ridgeway, Iver, Bucks SLO OHT 

Tel: Iver 651812, 



TECHNICAL CHANGE CENTBB 

PRINCIPLE 

RESEARCH FELLOWS 
The Centre is seeking to appoint 
full-time Principal Resouvh 
Fellows to work on research 
protects conoarned with (a) the 
careers of graduate scientists and 
engineers and (b) the contribution 
which British academic rese arch 
makes to ttie ailvanoenHnt of DK 
engineering. Applicants sticuld be 
graduates in science or engineer- 
ing, or have other relevant qualifi- 
cations, and have experience of 
inter-disdpUnuy icaniCh staidifs 
The appointments wHl lie fbr two 
years in the first Instance. Salaries 
will be not less than £15 000 pa, 
depending on qualUications and 
experience 

Applications in writing together 
with a full CV, should be sent to 
the Secretary, The Technical 
Change Centre, 114 Cromwell 
Road, London SW7 4ES from 
whom further particulars may be 
obtained. 

UNVERSmr OF LEICESTEB 
Department of Pliysics 
LECTURESHIP IN OONDEN8ED 
MATTER PHYSICS 
Applications are invited for a 
Lectureship in the Department of 
Physics tenable immediately. 
Applicants, who must normally be 
under 35 at the time of 
appointment, should have research 
Interests in experimental con- 
densed matter physics. Preference 
will be given to persons who have 
experience in the fields of lumi- 
nescence, spectroscopy, photo- 
emission or electrical properties of 
solids and who have interests in 
amorphous semiconductors and 
metals, stirfaces or interfaces. 
Initial salary will depend on quali- 
fications and experience on the 
Lecturers' Scale £7190 to £14125. 
Further particulars from the 
Registrar, University of Leicester, 
University Road, Leicester LEI 
7RH, to whom applications should 
be sent on the form provided Iqr 31 
March, 1984. 

UNIVERSITY OF GLASGOW 
Departments of Cell : 



Engineering 

A CELL BIOLOGIST 

with PhD who has a strong interest 
in cell interactions and a practical 
knowledge of Electron lllcroscopy 
or/and Oell Culture is required for 

work on a project on the reaction of 
nerve cell.s in culture to micro- 
engineered surfa ces. The project is 
funded \fs SBRC. The proiect ia 
directed jointly by Pnweasor C. 
Wilkinson of the Department of 
Electronics and Electrical 
Engineering and Professor A. 
Curttii Oeoartment of Cell Blotorar. 
TIw appomtment will tw Inltlslly 
for one year. It is hoped that the 
successful applicant will be able to 
take up the post from the end of 
February. Starting salary will be 
within £7190-£8530 on Riuige lA of 
the salary scales for Research and 
Analogous Staff. 

Enquiries and applications to 
Professor A. Curtis, Department of 
Cell Biology, University of Glasgow, 
Glasgow G12 8QQ (Tel 041-339 8855, 
Ext 7147). 

In reply please quote Ref No 5195N. 



SHERKIN ISLAND MARINE STATION 

Volunteers required for serious research 
April-Oct, 1984 Surveys, seashore 
moniloring, phytopldnkton (red Tide), 
zooptankton, bird watching, benthos, 
divii^FiillboHdafla<^ 
podttt fnoeey. 

MWie with C V to Sherkin Island Manne 
Station, Sherkin Island. Co. Cork. Ireland. 
Ptione (028) 20187 
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ROYAL MILITARY COLLEGE OF SCIENCE (RMCQ 
8HRIVENHAM 

DEPARTMENT OF MATHEMATICS AND BALUSTICS 

HIGHER RESEARCH SCIENTIST 

Applications are invited for the post of Higher Research Scientist 
to work on a project concerned with the computer modelling of the 
propagation of vibrations through structures. Experience in the 
field of applied mechanics and dynamics is required together with 
a knowledge of FORTRAN. The work kichides the fbnnuletion and 
numerical solution of (flffarentlal equetkms and an understanding 
of the practical engineering impNcations of the nwdels being 
developisd is necessary. 

The successful applicant is likely to have a good honours degree in 
mechanical engineering or perhaps applied m a thematic s or 
physics. He/she will woik in the Department of Mathematics and 
Ballistics as a member of a two-person tewn, and would be 
expected to study features of the problem not yet> modelled, and 
to assist in the^ inclusion into an existing computer model. Liaison 
with government research establishments is involved and oppor- 
tunities exist for some travel, attendance etoonfiarences end puUh 
cation of results obtained. 

The appointment would be for a period of up to three years in the 
grade of Higher Research Scientist (salary scale £7149-£9561, 
depending on quaRficattons and experience). 

From 1 August. 1984, RMCS wM become a Faculty of the Cran- 
field Institute of Technology. 

Application forms and further information may be obtained 
from the Civilian Administration Office, Royal Military College 
of Science, Shrivenham, Swindon, Wilts SN6 SLA. Tel (0793) 
782551, Ext 421. Please quote reference HQ1 20/1/57. 

Closing dnte for applications 2 March, 1984, 



Where will you go this September? 
Now is the time for future graduates to think about 

Postgraduate Diploma 

in Crop Protection 

(one year course validated by CNAA) 

Capitalise on opportunities in the crop production and 
agFochemical industries 

Conlacl 

The Academic Registrar (NS), 
Harper Adams Agricultural Collie, 
Newpwt, Sbnvshire TEIO 8NB. 

Telephone 

Newport (0952) 811280 



Sh«ffield Health Authority 

MEDICAL LABORATORY 
SCIENTIFIC OFFICER 

to be based in the Department of Haematology at the Royal 
Hallamshire Hospital. Candidates must be qualified to HNC level pref- 
erably in Haematology. This research post in tenable for one year 
commencing as soon as possible. The successful applicant wd be 
involved in a study of the effects of fish-ols on red cell deformability. 
Salary Scale: £549t, £5696, £6144, £6263. £6436, £6626, 
£6851. £7098, £7306. £7510, £7747. 

For further infor mat ion contact Dr F. E. Preston/Dr M. Greaves, 
Telephone Sheffield (0742) 26484, extension 2122. Application 
forms are available from the Personnel Department, Westbrook 
House, Sharrow Vale Road, Sheffield S1 1 8EU, Telephone 68691 1 , 
extension 145. Completed application forms should be returned no 
later than 23 February, 1984. 




INVERESK 

RESEARCH 

INTERNATIONAL 



REGULATORY AFFAIRS 



Inveresk Research International Limited, a major contract 
research company, now requires an assistant for its Regulatory 
Affairs Manager to join an expanding Regulatory Affairs Unit, 
which provides consultancy and advise to clients on worldwide 
regulatory requirements and prepares dossiers for product 
registration and notification. The unit also publishes the Inveresk 
Research International Regulatory Affairs Bulletin, an executive 
guide to regulatory matters. 

Applicants should be graduates in Pharmacy of a Life Science, 
working in the phammceutical industry, and should have aome 
experience of work in the regulatory field, including the preparation 
and submission of dossiers ror product registration and cNnicel trial 

clearance. 

Salary for this appointment will be dependent upon 
qualifications and experience. In addition, the company offers 
modern staff benefit schemes, including free BUPA membership, 
and pleasant working conditions in a rural setting close to 
Edinburgh. Relocation assistance may also be provided, where 
appropriate. 

Full details in writing should be forwarded, as soon as 
possible, to the Personnel Department, Inveresk Research 
International Limited, Inveresk Gate, Musselburgh, EH21 7UB, 
quoting reference 2605. 



GRADUATE CHEMICAL 
ENGINEER 

For 12-month Period Appointment at 
Tropical Develoj^nent & Beseaich Institate 
Cnlham, nr Abingdon, Oxon 

The Cbemical EngbwerinK Section of TDRI is responsible 
for the research and development of a wide range of crop 
and food processing operations, especially drying. This 
pxjst involves practical experimentation as well as desk 
studies of processing operations. The ability to apply basic 
chemical engineering principles to novel processing 
situations is essential. A working knowledge of BASIC 
computer techniques would be advantageous. 

This post is at Scientific Officer level and normal Civil 
Service period-appointment conditions apply. Commence- 
ment date: mid-March 1984. SALARY: £5682 to £6313 pa 
depending on eiipertence. 

WRITE for spoUcatiOQ form to: Personnel Officer, TDRI, 
127 Cterkienw^ Road, London BCIR 5DB. 



Breakout! 

Contined in your piesetit post.' VVbukiyouliketo: 



• Gm oul and iwM iMopli mora, iHkig 
YOur idtnMc background to the ful? 

# Hawta gmMr lay ki planing your 
awn dair-lo.day adivWaa? 



)lbu GOuM do thii-af a Tiehnial Servieaa 

Reproentative-visiling laboratoria. 
hospitals, etc., and diicuuang product* 

on a technical basis. The woiic is demand - 
ing but satisfying 

♦ Reeai mcw ill far your awmaltert a and ^o" would ha« an attractive salary and 
advance your caraarrmidly on maril? c«;«ndo«iereicceaentbenrfit». 

Far em fmt Information laaflat, ptiona 

• Use your sclantMIc and technical know- Chrl* Barringar on 01 229 4214 or writa 
ledge in a mora aocialy relevant way? (no stamp naadad): 



Talentmark Scientific 
Recrultmmt Conaultants 
FrMpoatLondon W2 IBR. 



Copyrighted material 



76 



New Scientist 9 February 1984 



■GLCI 

I Working for Ljondon i 



Waste Control Officers 



Operating from area offices in 
Newham, Edmonton, Brentford and 
Carshalton, the Waste Control Group 
has technical responsibility for 
monitoring and dealing with all aspects 
of waste disposal throughout Greater 
London. 

Several vacancies have now arisen at 
the 4 area offices for Waste Control 
Officers to work within 
multi-disciplinary teams in identifying 
and recording locations of waste 
production, handling disposal and 
deposit and ensuring that the relevant 
statutory provisions are complied with. 
This entails visiting industrial 
premises, waste transporters and 
disposal sites, drafting and application 
of disposal licences, and full 
involvement in investigations into 
contraventions of the 1974 Control of 
Pollution Act. 



Applicants should possess a degree 
or equivalent in Chemistry, 
Environmental Pollution, Waste 
Control or other relevant subject or 
have extensive experience in waste 
control. The capacity to communicate 
effectively at all levels within the 
private and public sectors is essential as 
is a current driving licence. These posts 
are suitable for job sharing. 

Salary: £8,622-01,979 inclusive. 

For an application form, to be returned 
by 24th February 1984, write to: 
Department of Public Health 
Engineering, Greater London CourKil, 
Room 182, North Block, The County 
Halt,SEI 7PB or telephone 01-633 4397. 

The GLC welcomes applicants from all 
sections Of the community, irrespective of 
their sex, ethnic origin, coloui^ sexual 
orientation or disability, if they have the 
necessary attributes to do the job. 



I The GLC is an equal opportunities employer I 



MEDICAL RF..SEARCH COl'NCIl, 
RADIOBIOLOCY L'MT. HARNVKI.I. 

TECHNICIAN 
OR 

JUNIOR TECHNICIAN 

Applicaliuns arc inMlcd for ihc poM ol 
Technician/Junior Technician in he animal 
house of our Ciencltcii Division. The work *ill 
invoKc the cart and breeding of small 
mammals, including many special genelic 
slocks. 

Minimum gualifications required are four O 
levels (or equisalenl) including bnglish 
Language and iwo science subjects. pa-ferabl> 
10 include Malhs and Biok>gv. Pri'fcrence will 
be given lo candidates holding \\\ or TEf" 
(Animal Tcchnologv) ciualificalions (or 
equivalent), but recent school leavers ^vlII also 
be considered. There are opportunities for 
funher education. 

Salar> according to age and ev|x*ricncc on the 
scale £301*>-£4KI8 per annum for a Junior 
Technician and £5J9l-£7747 per annum for a 
Technician. There are restaurant and 
recreational facilities on site. Hostel accommo- 
dation may be available for single persons. 
Applications, together with the names and 
addresses of two referees, should be sent to the 
Personnel Officer. MR(.' Radiobiologv I'nit. 
Harwell. Didcol. Oxon OX 1 1 ORD. 
Ref MKL/NH. C losing dale 20 February . 1 984 



Dl RHAM UNIVERSITY 
Department of Applied Physics 
and Electronics 

Applications are invited from candi- 
dates with good honours degrees for a 
RESEARCH ASSISTANTSHIP 
from as soon as possible until 31 
August. 1985 to work on an SERC 
supported research project on novel, 
silicon bistable devices for inte- 
grated circuits under the direction 
of Dr M. J. Morant. The project 
includes the design, characterisa- 
tion, and applications of devices 
structures which are fabricated in 
Durham and by the SERC Micro- 
electronics Facilities. 
Candidates should preferably have 
some postgraduate research or 
industrial experience of semicon- 
ductor devices. Initial salary in the 
range £6310-£8530 pa on Range IB 
plus superannuation. 
Applications (three copies) naming 
three referees should be sent by 24 
February. 1984 to the Registrar, 
Science Laboratories, South Road. 
Durham DHl 3LE, from whom 
further particulars may be 
obtained. 



BIOTECHNOLOGY 



A vacancy exists for a Graduate Scientist in our 
protein biochemistry group to purify and 
characterize proteins produced using 
recombinant-DNA technology. 

GRADUATE SCIENTIST 

Protein Purification 

CaiKdidates should possess a degreG or 
equivalent qualification in a relevant subject. A 
sound understanding and experience of modern 
protein separation techniques, especially 
chromatography, would be advantageous. 

To apply, send a full c.v. quoting reference 
Number 194 to Jane Walley, Persormel Officer, 
Celltech Limited, 244 Bath Road, Slough, Berks. 

CELLTECHWA 



THE ROYAL FREE HOSPITAL 
DEPARTMENT OF CHEMICAL PATHOLOGY 

Graduate Biochemist 

(Probationary Grade) required for nine months for evaluation of 
diagnostic enzyme procedures. Experience of Radio-immunoassay 
an advantage. Salary approximately ^5900 for nine months. 

For further information please contact Dr S. B. Rosalki, 
Department of Chemical Pathology. Tel: 01-794 0500, Ext 
34S8/3569. 

Application form and )ob description available from the Personnel 
Department. Royal Free Hospital. Pond Street. Hampstead NW3. 
Tel: 01-794 0500, Ext 4286. Quote Ref LCP. 

HAMPSTEAD HEALTH AUTHORITY 



ASSISTANT CHEMIST 

for consulting practice. Minimum 
qualifications HNC/HND Chem- 
istry, with experience. School 
leavers, recent graduates or other 
disciplines will not be considered. 
Salary negotiable. Apply in hand 
written letter form with CV to: T. E. 
Rymer. Public Analyst. 7 Offham 
Road. Lewes. East Sussex BN7 2QR. 



UNIVERSITY OF BATH 
School of Pharmacy & 
Pharmacology 

RESEARCH 
STUDENTSHIPS 

Applications and enquiries are 
invited from candidates with first or 
upper second class honours 
degrees, or those who expect to be 
awarded such a degree in the 
Summer, for research studentships 
to study for a higher degree in the 
following general areas: 

Medicinal Chemistry 
Pharmaceutical Analysis 
Pharmacology 
Clinical Pharmacology 
Pharmaceutical Technology 
Pharmaceutical Microbiology 
Phytochemistry 
Application forms and a booklet 
indicating specific projects and 
further details may be obtained 
from: Professor R. T Parfitt, Head 
of the School of Pharmacy & Phar- 
macology, University of Bath, 
Claverton Down, Bath. BA2 7AY 



UNIVERSITY OF LEICESTER 
Primary Communications Research 
Centre 

POSTGRADUTE STUDENTSHIP 
IN THE COMMUNICATION OF 
RESEARCH INFORMATION 
The Centre is concerned with 
research into all aspects of produc- 
ing and disseminating new informa- 
tion. The current programme 
particulary emphasises studies of 
llie Impact of iiiroriiiutloii tech- 
nology. Opportunities exist for post- 
graduate students to carry out 
work leading to higher degrees in 
this area. 

Applicants should have obtained at 
least a good Second Class Honours 
degree In any discipline, and have a 
clear interest in communication 
studies. 

Studentships awarded for up to 
three years may be available for 
suitable candidates. 
Further details and application 
forms are available from Profe-ssor 
A. J. Meadows. Primary Commu- 
nications Research Centre. Univer- 
sity of Leicester, Leicester LEI 7RH. 
Completed applications must reach 
him by 2 March. 1984. 



UMVERSm OF BRADFORD 
Postgradiute School of Pharmacy 
A postgraduate 

SERC/CASE 
STUDENTSHIP 

leading to the PhD degree is available 
commcnL-ing Oclober. 1984. 

Projeci Title; Tablet lubricants- 
paniculate and microsiruciural 
role (in collaboration with E. R. 
Squibb & Sons Lid). 

Applicants should possess a good honours 
degree in pharmacy or related subjeci. or 
expect to gain one this year, and have a 
particular interest in pharmaceutics or 
powder science. 

Further details arc available fronfi: Dr P. 
York. School of Pharmacy. University of 
Bradford. West Yorkshire BD7 I DP. 
Tel 0274-733466. Ext 587/6126. 
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University of Wales 
WELSH SCHOOL 
OF PHARMACY 



ApptaRkMW am invlMd for 
Research Studemshqjs in the Phar- 
maceutical Sciences and Clinical 
Pharmacy tenable from 1 October, 
1984. Applicants should hold, or 
expect to obtain, a first or upper 
second dasa honours degree. 

Basic Sdpand at SERC rate. 
Maximum value of Studentship is 
approximately £4460, from which 
University fees wM be paid at Home 

Student level. 

Details and application forms are 
available from Professor I. W. 
Kellaway, Welsh School of Phar- 
macy, UWIST, PO Box 13, 
Redwood Buildhg. Cathays Paifc. 
CanfiffCFI 3XF. 



BIRMINGHAM UNIVERSITY CASE 
STUDENTSHIP IN SEMICONDUCTOR 
MATERIALS 

As SERC CASE studentship is available 
for letaaiich Isadiia to a Ph.D. D egiee . 
The project. In collaboration wMi IS8E, 

involves a novel technique for the deposi- 
tton of thin films and their assessment 
using electron-optical techniques. 

For further information contact: Dr. P. S. 
Dobson, Dept. of Metallwgy and 
Materials, University of Birmingham, 
P.O. Box 363, Binningham. B15 2TT. 



11(11 Ki .s. Mi;i; i iN(;s 

ANDCOl RSI S 



IMPERIAL 

COLLEGE 

( Centra for Robotia and 
Automatad Sytcams 




IN INDUSTRIAL 
ROBOTICS AND 
MANUFACTURING 
AUTOMATION 

An intensive conversion course starts 
each October for new graduates in 
science and technology and for those 
with practical experience. It leads to the 
MSc decree of the Univenibr of i,ondon 
and the Diploms of Imperial Colege. 

The course offers a thorough grounding 
in production processes and in the 
theory, technology and latest idaai in 



and carries this into jpractical <noik in 
laboratories and vwjrkshops. It tackles 
also the social, economic and managerial 
issues, crucial to the introduction of these 
technolo^es. 

Close Mudriai Bnics; stixing practical 
content; opperbinities to spedane. 

One year full time. 

Awards available: SERC. EITB. TOPS. 

For details and application form, write, as 
soon as possible, to: The Registrar, 
Impenal College, London SW7 2AZ. or 

telephone the Centre on: 01- SB'' 5111 



THE LONDON HOSPITAL MEDICAL COLLEGE 

MSc Course 
in Experimental 
Oral Pathology 

Applications are invited from biological science graduates with 
a good honours degree and an interest in oral btobg^. and 
from dental graduates, for admission to this twelve month 
course leading to the MSc degree of the Universitx of 
London. AppHcants should have at least One year of 
postgraduate experience. The course aims to provide a 
foundation of knowiedge of oral disease and in particular of 
the methods upon which such knowledge is based, so as to 
serve as a starting point from which students can engage in 
active research, such as that leading to a PhD. Students follow 
a structured course of seminars and practical work for 
approMmadely six months, after which the majority of time is 
spent on a research project. M.R.C training awards ma/ be 
available for suitable candidates. 



The course starts on I October, 1 984. For fjrther 
information and application forms please contact Dr D. 
Williams, Department of Oral Pathology, The 
London Hospital Medical College, Turner Street, 
London El 2AD (ToL •1-247 5454 Ext 89/94). 

The ck>sing date for applications is 9 April. 1984. 



M. 



SOUTH WEST THAMES REGieNAL HEALTH 

AUTHORITY IN CO-OPERATieN WITH THE 
UNIVERSITY OF SURREY 

offers a training post in Medical Physics with the opportunity to 
study for an IVISc in IMedical Physics by means of a two-year Wocfc 
release course commencing the last two weeks in Siapiember 
1984. Applicants shouU have or mpact to obtain a good honours 
degree (or its eqivaleiNl either in physics or with physics as a 
principal subject by that date. During tiw parts of the scheme 
spent away from the University, the student wiH work in specified 
hospitals within the Region. 

Applications are invited from suitably qualified candidates already 
in the Service and from graduates and prospective graduates wish- 
ing to enter the Service. Probationary physicist scale for new 
entrants currently £6277 or £5581 per annum depending on quali- 
fications, increasing by annual incremems, and where appropriate 
a London Weighting Allowance of £1042, £623 or £148 per 
annum. Inservice applicants may retain their current terms and 
conditions of service. Students will be responsible for meeting the 
cost of University and membership fees. 

Further details and application forms available from the 
Academic Registrar. Unhrarsity off Surray, GuMford. Surrey 
GU2 5XH. 

CkMingdMoferiaoolptorappleMioraisieiMarch, 1984. 
Intoiviows wW b* iMid on 9 IMsy. 1984. 



SOUTH WEST THAMES 
REGIONAL HEALTH AUTHORITY 

offers two training posts with the opportunity to study for an MSc 
in Clinical Bk)chenisiry at the University of Sunrey, Guldfbrd by 
means of a two-year sandwksh course commenc^g 1 Octot>er, 
1 984. Applicants should have or expect to obtain a good honours 
degree (or its equivalent) in chemistry, biochemistry or other 
relevant biological science by that date. During the parts of the 
course spent away from tlie Unversity, students will work in a 
specified hospital lat>oratory or lat>oratories in the Region. 

Applications are invited from suitably qualified candidates already 
In National Health Service employment and from those willing to 
enter the Service. Probationary biochemists scale for new entrants 
currently £6277 or £558 1 per annum dependhg on quaMcafkms, 
riaing tvy annual increments, and where appropriate London 
Weighting Alowance of £1042. £623 or £149 per annum. 
Inservice appNcants may retain thair currant terms and condttkms 
of servtee. Students will be responsible for meeting the cost of 
University and membership fees. 

Further details and application forms are availatM from the 
Training Section, Regional Education Centre, 
Hospital, Glenbumie Road, London SW1 7 7DJ. 

Closing date for applications is 16 March, 1984. Interviews 

will be hold on 3 May, 1984. 



THE BRITISH INDUSTRIAL BIOLOGICAL 
RESEARCH ASSOCIATION 

GENETIC TOXICOLOGY 
COURSE 

A one-week residential workshop designed to provide a broad background 
knowledge to genetic toxicology and its significance in general toxicology 
will commence on 27th February. It will be orientated towards participants 
with little fornni knowrfedge of the subject ami places wiH be limited to all^ 
personal tuition. 

The course fee is £400 + VAT tor HiMon. Iiotal i 

and all meals. 

Details from Dr K. It Butterworth, BIBRA, Wi 
Road, Carthalton, Siurey SH5 4DS (01-443-441 1). 
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RESEARCH OPPORTUNITIES 
IN CHEMISTRY AT 
THE CITY UNIVERSITY 

There are vacancies in a number of the 
research groups in the Cheftiistrv 
Department at The City UnivarMty fcv 
students to pursue courses of raiiiich 
leading to a higher degree. Tha intMlts 
of the research sectiont of tlia Dipin- 
ment are varied but induda: 
Industrial Chemistry 
Matal recovery from waste materiala, 
homoganaous catalysis, raaclions of 



Inorganic Chamlstry 

Solid state chemistry including studies 
of semiconductors. X-ray crystallo- 
graphy. 

Organic and BMoglcal Chamistry 

Chemistry of biologically active 
compounds (penicillins, nucleotides}, 
photochemistry including solar energy, 
reaction mechaniams. 

PItysical Chamistry 

Ion-exchange and catalysis in zeolites, 
combustion of gases and solids, gas 
phase catalysis and electrochemistry. 

Marry of the research projects in the 
Department are earned out in collabora- 
tion with industry or raaaarah assooa- 



Further information on these research 
opportunities can be obtained from 
Professor J. D. Doitaldson, Dapart- 
ment of Chemiitiy, TiM CHy IMwar- 
sity, NorthainiMDn SqiMMi, London 
EC1V OHB. 



KINCra COLLEGE LONDON 
UnhwritrodiUidMi 
HBO IN HXTMAN AND 
AFPUXX) PHYSIOLOGY 

A one year course to train graduates 
in measuring and studying the 
pbysiological luncttoning of man in 
normal and abntxmal environ- 
ments. The course will equip 
students to specialise in the appli- 
cations of physiology to man in 
industrial. Service and clinical 
attuations and the twwililng of 
buman physiology. Topics studied 
include: basic measurements: life 
support sy.st^m.s; exercise: loco- 
motor; postural; climatic; high alti- 
tude and hyperbaric physiology. 
September 1984-September 1985. 
Applicants should normally bave a 
good degree in Physiology or be 
medically qualified. 
f\irther details and application 
form from: Dr S. Rowlands, King's 
College London. Strand, London 
'WC2R 2LS. quoting reference 
NS921. 

Closing date for applications: 31 

Marrh 1PR4 



KINGSTON 

POLYTECHNIC 

GRADUATESHIP OF 
THE ROYAL SOCIETY 
OF CHEMISTRY 

ONE YEAR 

FULL-TIME COURSE 

Applcanta should hold a BSc 
degree with chefnistry as a main 
subject, or GRSC Part 1 . The 
course enables candidates to gain 
a qualification equivalent to a good 
Honours degree in Chemistry. 
Students may be eligible for an 
LEA grant. 

Details and application forms from 

DrC. H.J. Wells, School of 
Chemical and Physical Sciences, 
Kingston Polytechnic, Penrhyn 
Road, Kingston upon Thames. 
Tel 01-549 1366 Ext 320 




UNiVERsmr 

OF TECHNOLOGY 



One-day Short Course 

METHODS OF 

SURFACE ANALYSIS 

Wednesday, 
7 March, 1984 

A number of techniques are available to 
nuasure the composition of the outer- 
most surface layers of solid materials. 
This one-day count is aimed at intro- 
ducing the non-sfxcialist in industry to 
the analytical informaiion available iiDm 
Auger electron qMCtraacopy, ESCA, 
SIMS and Rutherford backscattetingand 
the ways the^e techniques can be used to 
solve problems on surfaces, thin films and 
sui&ce coatings. Further details from the 



anihfsia Wnalaqr. TdephooB 
(QSOD 20171, Eld S2«». 
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\Cri\ HA HOLIDAYS 



SNOWDONIA NATIONAL 
PARK STUDY CENTRE 

Summ«r Courses 

Send for our full program MMch Mudes: 

Sptlng Flowera 

Ry Fishing 

Landscape Painting 

Natural History 

Archaeological ExcmaUm 

Photography 

Geology 

Mountain Walking 

Accommodation, full boaid and tuition in a 
splendid country mansion. 
Send for details of tha 55 ooursM avail- 
al)le May to Septemberto: Alun Davies, 
Pias Tan y Bwich. PO box 1 (NS), 
Blaenau. Ffestiniog, Gwynnad 1141 
3YU. Tab 07»«86 324. 



NORTH YORK MOORS 
NATIONAL PARK 

Outstandingly delightful holiday 
accommodation in charming old 
farmhouse. Idyllic surroundmgs for 
walking, painting, bird-watching 
or relaxing. Excellent cuisine, 
comforts and atmosphere from 
£8 00 B & B. £6 50 E D, residential 
license. Brochure: Manor House 
Farm, Inglesby. Greenhow, Great 
Ayton, N Yorkshire. Tel 0642 722384. 



HOLIDAYS ON CAMPUS 

Fully equipped self-catering flats siet in 
250 acres of grounds ck>ae to ttie Lakes, 
ttie Dales and the coast, available July to 
September. FREE facilities inckide superb 
sports centre. Reduced prices for 
ciiikfren. Cokxir brochure from 
Shirtoy Lanctone, (Roam 1091. 

lAI 4rw. 



Tel. 0SM-«8201 |M iMiml. 



CASTEL HENLLYS PROJECT 

Excavation and feconstruction of the Nonh 
Pvmbroltestiire Iron Age Hill Fon VolunleefS 
raqutrad to suppon Archaeology - Easter. July 
and August Reconstruction end May-August 
Groups wetcome-camping free, olfier accommo- 
dation availatjte. Cofitacl: Fottar, Tha Coppice. 

Bach Ro«' ■•- ■ • ■ ' ■ 

BerksMra. 



STUDY FRENCH 

In a choice of host family centres 
or follow a language course In 
Tours or Paris. Alio Individual 
stays arranged for all ages to prac- 
tise French and enjoy tbe French 
way of life. SAB Bn Famille 
Language Holidays, (A), Westtnny 
House, ArundeL 



Kl.l OWSIIIPS. (;RAMS & SCHOLARSHIPS 



BritishTelecom 
Research Laboratories 

Short-term 
Fellowships 



in 1984 



Applications are invited for short-term FeUow- 
stops at the British Telecom Research 
Laboratories. Martlesham. near Ipswich, during 
1934.TheFeUoiwshipsare(»en tomembeisof the 
academic stafls of United Kingdom Univasities 
and are normally tenable for six weeks. 

The object of the Fellov^^ps is to stre^dben the 
link between the Universities and EIKL The 
Fellowwill be expected tocarTyoutashortpio}ect 

or review study relevant to puolic tdecommuni- 
calions ,ser.ice.s and encouragement will be given 
to continue the work on return to U niversi ty, with 
VT fimding in suiuUe cases. 

Apart from rdevance to telecommunications in 
its broadest sense, no restriction is placed on the 
field of study and proposals of a novel and an 
innovative nature are particularly welcomed. 

It is expected that the FeUowships will be of 
interest mainly to Departments of Electrical 

Enaneering Physics, Chemistry, Mathematics 
and Computer Science. However it is hoped that 
the academic staffs of other Departments (eg 
Psychology, Linguistics, Physiology) will be 
encouraged to apply for Fellowships with a view 
to initiating relevant trans-disciplinaiy reseaidi. 

Attendance at the BT Research I .aboratories will 
be bymutual agreement Travelling expenses and 
.subsistence will be paid and an honorarium 
(£700) will be given at the completion of the 
Fellowship. 

Application.s, including a brief curriculum vitae 
and a short statement indicating the proposed 
area of interest and its relevance to the activities of 
BT. should be sent to: Mr M. J. R»ner TEP6(A). 
British Telecom Research Laboratories, 
Mardesham Headi, Ipswich IPS TBE not later 
than 2nd March 1984. Applications are invited 
fipom men and women. 

British 
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UNTVEBSITY OF SURREY 
Department of Electronic and 
Electrical Engineering 

RESEARCH FELXOWSHIP 
Applications are invited for a SERC 
funded Fellowship to join a long 
established group working on ion 
implantation systems and applica- 
tions. . ^ 

The successful applicant will be 
required to carry out implantations 
and use surface analysis facilities, 
within the University and else- 
where, to study silicon on insulator 
structures, formed by the implan- 
tation of tngh doses of nitrogen, for 
appUcat^ns.to VLSI circuits. 
ApplicaiTC^ should have a degree in a 
suitable discipline and experience in 
materials technology. Some know- 
ledge of semiconductor technology, 
ion implantation, surface analysts 
techniqjies and device fabrication 
technologies would be desirable. 
The appointment will be for three 
years at a starting salary of up to 
£8530 pa according to age. quali- 
ficatior\s j^d experience. Super- 
annuation-Binder USS conditions. 
Applications in the form of a cur- 
riculum yitae (three copies) includ- 
ing the, n^es and addresses of 
two refe(^6 should be sent to the 
Deputy Secretary (Personnel). 
University of Surrey, Guildford, 
Surrey GU2 5XH by 24 February, 
1984, quoting reference 233/NS. 

LINCOLN COLLEGE, OXFORD 
NUFFIEU3 RESEARCH 
FELLOW6HIP IN MEDICAL 
SCIENCES 

The College invites applications 
from graduates, either men or 
women, for a Nuffield Research 
Fellowship in Medical Sciences with 
effect from 1 October, 1984 to 
30 September. 1989. Applicants 
should be under 32 years of age on 
1 Octobex. 1984. 

The Fellow will be required to 
conduct research into some science 
related to medicine and the College, 
in making the election, will give 
preference ceteris paribus to candi- 
dates whose proposed research is In 
experimental pathology or bacterio- 
logy. The Fellow wUl be permitted to 
teach up to a limit of four hours per 
week. The salary will be £7190, 
rising by annual increments to 
£8975 in the fifth year, together with 
USS. The Fellow will be given full 
commolVroom rights. 
Application, giving particulars of 
qualifications and experience and 
the names of three referees, should 
be ma(l%by l March, 1984 to the 
Rector, Lincoln College, Oxford 
OXl 3DR. from whom further 
particulars and application forms 
may be obtained. 

WOLFSON COLLEGE, OXFORD 

GUY NEWTON JUNIOR 
RESEARCH FELLOWSHIP 
IN BIOLOGY 

Applications are Invited from men 
and women, preferably under 30, for 
a Guy Newton Junior Research 
Fellowship in Biology, including 
Biochemistry, for three years from 1 
October, 1984. at an annual stipend 
of £5188 plus any general per- 
centage Increase in academic 
salaries awarded after 1 January. 
1984. together with CToUege housing, 
or an allowance in lieu, and 
Common Table meals. The closing 
date for application is 28 March, 
1984. Further particulars are 
obtainable from the Fellowshipts 
Secretary. 
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Atlas Research Fellowship 

St, Catherine's College, Oxford University 

The Rutherford Applcton Laboratory of the Science and Engineering Research Council and Sl Catherine's 
College invite applications fix)m engineers, mathematicians or scientists for a joint Research Fellowship. The aim of 
this "Atlas Fellowship" is to encourage theoretical studies, particularly those involving compuution, in an area of 
research supported by the Rutherford Applcton Laboratory a.id of interest to some Fellows of the CoUegr These 
areas include the following broad fields: study of condensed matter by scattering of neutron beams; computer 
simulation of condensed phases, especially liquids; finite element methods applied to transport processes. Candidates 
will be asked to present the programme of research they would propose to follow. 

The holder of the Fellowship will be expected to undertake independent research work and to spend the greater 
part of his/her time at the Rutherford Applcton Laboratory, where exceptionally powerful computer fiicilities are 
available. He/she will also be a Research Fellow of Sl Catherine's College with the full rights and privileges of a 
Fellow and will be associated with a relevant University Department The Rutherford Applcton Laboratory's 
involvement with many University research groups provides an excellent opportunity for contacts with other 
research workers engaged on a wide range of research programmes. The Fellowship provides an opportunity for 
some teaching experience, and for close personal contact with the College in other ways. 

The Fellowship will be tenable for a period of three years and may be extended for a further two 
years for the completion of a total period of five years. The stipend will depend upon the age and 
experience of the candidate selected within the broad range £9^00 to £14,800. 

For details of research fellows' rights at St. Catherine's College and application forms, write to 
Recruitment Office Personnel Group, Rutherford Appleton Laboratory, Chilton, Didcot, Oxon OXll 
OQX, or telephone Abingdon 0235 445435 quoting reference No: VN 202. 
The closing date for applications is 2nd March 1984 




UNIVERSITY OF SURREY 

Department of Physics 

RESEARCH FELLOWSHIP 
Applications are invited for a 
Research Fellowship supported by 
CEGB on Computer Simulation of 
Crystal Defects. In particular the 
project will consider theoretically 
the nucleatlon and early stages of 
growth of cavities during creep 
deformation. The work will involve 
close collaboration with experi- 
mentalists at CEGB's SE R^on 
Scientific Services Department at 
Gravesend. 

Candidates should have research 
experience in physics or materials 
science, preferably with a PhD and 
be familiar with the use of large 
scale computing systems. 
The successful applicant will join a 
group headed by Professor A. G. 
Crocker working on crystal defects 
and their role in controlling the 
properties of materials. He or she 
will be expected to assist in the 
supervision of more Junior members 
of the group. 

The appointment Is for two years 
and will start as soon as possible. 
Salary will t)e at an appropriate 
point on the lA Research and 
Analogous Staff scale between 
£7190-£11615pa. 

Applications in the form of a curric- 
ulum vitae (three copies) including 
the names and addresses of two 
referees should be sent to the 
Deputy Secretary (Personnel). 
University of Surrey. Guildford, 
Surrey GU2 5XH by 2 March. 1984. 
quoting reference 234/NS. Further 
particulars are available by tele- 
phoning Guildford (0483) 571281 Ext 
553. 



THE ROYAL SOCIETY 

GOVERNMENT GRANT FOR 
SCIENTIFIC INVESTIGATIONS 
Applications for grants from the 
first allotment of the Government 
Grant for Scientific Investigations 
for the year 1984 (for which the 
amount available will be substan- 
tially less than in recent years) 
should be made not later than 15 
March. 1984 on forms of application 
to be obtained from the Executive 
Secretary of the Royal Society, 
6 Carlton House Terrace, London 
SWIY SAG. 

Applicants must be British subjects 
domiciled in the United Kingdom. 
Grants may Ije made to promote and 
support research in science and to 
assist scientific expeditions and 
collections: but not for personal 
maintenance, payment of stipends 
or to aid scientific publications. 
Preference is given to fieldwork at 
home or overseas and work at sea. 



UNIVERSITY OF SURREY 
DcpartuMirt of Physics 

RESEARCH 
FELLOWSHIP IN THE 
ELECTRON 
MICROSCOPY OF 
SEMICONDUCTORS 

A post-doctorsi roMarch fellowship is currenily 
availabte. (or 2 years, in the electron microscopy 
of serm-c endue tir>g materials The profect, funded 
by SEftC. IS ID study the microstruciure ai and 
close lo inieHaces m heierosiructures based on 
(GalnKAsPl/lnP and to relate the micro structure 
to the optical and electrical properties It is essen- 
tial that the applicant has ftxpener>ce m the fm(d 
of transmission electron microscopy or in the 
physics of semiconduciiria materials The stan- 
ing salary is up lo point 9 on the RA(1A) scale 
(currently £10.710 p. a I depending on experi- 
er>ce 

For funher details please contact etttwr; O P 
Charsley or Dr A R Adams, Department of 
Physics. University of Sifrrey. Telephone (0463) 
571281 



FOR SALE 



HEWLETT PACKARD desk-top 
computer type 98458 64K, BYTE, 
CRT, Printer, Graphics, Dual 
CTassette, RS232. Offers invited. 
Contact 

Dr P. P. Chatterton (0256) 58222. 



Sl U\ IC I S 



"FOR ALL TECHNICAL TRANS- 
LATIONS from Japanese, contact: 
INGATESTONE TRANSLA- 
TIONS. 57 High St.. Ingatestone. 
Essex CM4 OAT. Tel. (0277) 353863 
and 354022." 



SCIENTIFIC MANUSCRIPT 
TYPING 

Anything from 1000 words to book 
length undertaken. Rates: 80p page 
(Pica) £1 00 page (Elite) Tel 01-404 
0700 Ext 263. 



\IM'()I\ IMIMS 
W AM 11) 



24 YEAR OLD MALE 

BSC (Hons) in Environmental 
Chemistry. MSc In Pollution 
Control, particular interest in water 
pollution, seeks interesting position 
anywhere in UK. Box D785. 

PhD, MED. CHEM. 

Fifteen years Research experience, 
neo. jaundice, clinical, alk. recovery, 
publications, invention award 
winner, patent. Available for Post- 
doctoral Research. Box D784. 



New Scientist Is primed In Great Britain by Index Printers. CHdhm. London Road. Dunstable, Beds, and M & T J Ltd. 89-91 Norwood Road. London SE24. and published by IPC Magazinas Ltd. King's Reach 
Tower, Stamford Street, London SE1 9LS. Distribution by IPC Magazines (Sales & Distribution) Ltd, Lavington House. 25 Lavington Street. London SE1 OPF Sole Agents for Austraia and New Zealand. 
Qordon & Gotcri(A'sia) Ltd For Soutri Afnca: Central News Agency Ltd, Conditions of sale: tbis periodical shall not, wittxxJt ttie written consent of the publtshers first given, be lent, rsscM.hirBd out or otherwise 
disposed of by way of trade at more than ttie recommended selling price stx>wn on the cover (seling price in Eire sub^ to curTerx:y exctwige fluctuations aixj VAT) and it shal not be lent, resold or tiirad 
out or otherwise disposed of in a mutilated conditon or in any unauthorised cover by way of trade or annexed to or as part of any pubicatian or advertisifig. literary or pictorial matter whatsoever. 



I 



80 



ARIADNE 



POSSIBLY the electronics en- 
gineers team at the University 
of Surrey are relaxing after building 
the university's second satellite in 
what must be record-breaking time. 
More likely they are biting their 
nails, for the spacecraft has been 
designed and constructed in five 
months, not the sort of time that 
anyone would normally dream of 
taking for so complex and fastidi- 
ous a job. But the satellite is, at the 
time of writing, as the saying goes, 
finished and being thermally tested, 
as another saying goes, at the 
Rutherford-Appleton Laboratory. 

Plans are to ship the satellite out 
this week to NASA's Western Test 
Range at Vandenberg in California 
for launch into a polar orbit on 1 
March. After that, everyone on the 
team should be able to breathe 
more easily before telling the 
Guinness Book of Records. The 
satellite's progress has been matched by 
some hectic news releases from the univer- 
sity, along "every minute counts" lines, no 
doubt justified. Five months from start to 
finish, including providing two of the 
experiments on board, is a remarkable 
performance. □ 

EACH time I make this point I get 
letters attacking me for being, among 
other things, superior, pedantic, snobbish 
and that worst of all charges from the 
trendy, irrelevant. But I have at least one 
reader on my side, so I am sticking my head 
over the parapet again. 

I have been sent a brochure from a firm 
making control equipment. Once more. I 
must emphasise that I am making no 
comment on the quality of the material 
that the brochure describes, which is soft- 
ware. It may be, for all I know, the most 
distinguished software ever produced. The 
reaction of the reader who sent me the 
brochure, in outrage, was that he, as a 
potential customer, would never buy it. 
The reason — the brochure is illiterate. 
Ironically, my correspondent writes, "I 
would not dream of buying their products 
because their software may be as error-free 
as their brochure". 

It contains, for example, "peek over- 
load", "the axis of the resultant curvey", 
and "miniture". It recommends, "The unit 
should be turned off when not in use to 
conserve battery drain." It says, "The two 
axis being entered when prompted for by 
the define axis requests determining the 
axis of the resultant curve." All is not lost 
though. "Further software can be added to 
enable deeper analysis of the data." 

All this is amusing, for a moment or two. 
Unfortunately, it is, on reflection, depress- 
ing. If you cannot handle your native 
language with some fluency and do it the 
honour of spelling its words correctly, 
customers and more particularly foreign 
customers will be deeply unimpressed. 

Some time ago I had a letter from a 
highly placed manager in the Post Office. It 
was full of misspellings. I wrote a mild reply 
pointing this out and got an angry second 




letter saying that it did not matter as I knew 
what he meant. That may be true of 
communications between people, though 
deplorable. I doubt if it is true of commu- 
nications between computers. □ 

EVERY now and then we get a piece 
of news about Sir Clive Sinclair's new 
laboratory, at present being organised at 
Cambridge. Last June, advertisements 
appeared asking potential members of it to 
apply and now 10 people have been chosen 
from 1 300 to join the place, called Metalab, 
from "meta", a Greek word meaning 
"beyond". 

In other words, Sinclair is setting up an 
elite. Cor blimey, I thought that will upset 
all those characters going around under 
banners and delusions, shouting "Elitist!", 
if anyone as much as claims that we do not 
all have the same aptitudes in the same 
quantity. But as far as I know, not a single 
demonstrator has appeared on Metalab's 
doorstep. 

Any word with "ist" added as a suffix can 
be used to abuse. "Leftist!" I bawl. It is not 
political. I am against the left-handed, an 
elite if ever there was one, with their talk of 
crossed-laterals and their arrogance. □ 

MORE about bombing the land with 
tree plants. I learn that the idea has 
been tried in at least one place, British 
Columbia, though the Forestry Commis- 
sion at Alice Holt Lodge tell me that they 
have no information about how successful 
the scheme was. 

It arose from another idea which struck a 
member of the Forestry Faculty of the 
University of British Columbia, and that 
was to make a planting gun to insert tree 
plants into the soil in containers. The trees 
were sown and reared in hard plastic shells 
rather like those for a 20 mm gun. As the 
plants were fired into the ground, the shell 
was scored so that the roots could push out. 

This idea was successful, but it still 
meant that each plant had to be fired in by 
people walking slowly across a site, an 
exhausting job. The idea of bombing was to 
cut out this fatigue, and as long ago as 1 970 



a plane was loaded up with the 
planting shells and flown on its 
bombing runs. Either the aero- 
dynamics of the containers ^re at 
fault or the aircraft flew too low, or 
both, for the shells finished at what 
the Forestry Commission calls 
"crazy" angles. Rocks and stumps 
were a handicap, too. 

On the other hand, tre^ plants 
will grow the right way nowever 
they are placed in the ground, being 
negatively geotropic, so, says the 
Forestry Commission's Director of 
Research and Development, A. J. 
Grayson, "no doubt a fair number 
are growing quite happily". 

It seems that the idea of bombing 
trees into the ground is n*t ^tirely 
impractical and might work reason- 
ably well after some research on 
materials aircraft manoej^vres. □ 



WHEN a gas molecule hits the wall of 
its container, it is briefly held in a 
weak chemical union, and then re-2initted 
at some random angle. Daedalus recalls 
that many chemical reactions release their 
product-molecules in exact diredioTis. So 
DREADCO chemists are devising special 
surface coatings, based on the fashionable 
Langmuir-Blodgett molecularly oriented 
films, which will release adsorbed gas mole- 
cules not in the usual uncontrolled way, but 
exactly perpendicular to their surface. 

These "Stereochemically Controlled 
Desorption" (SCOD) surfaces will have 
many uses. Imagine, says Daedalus, a 
hollow gas-filled cylinder with planar 
SCOD ends. Each molecule hitting the 
ends will be briefly held, and then released 
precisely towards the other end. In 'time, 
every molecule would hit an end-face and 
be aligned. The result would be an 
"oriented gas", with all the molecules flying 
neatly back and forth between the ends, 
and transmitting gas-pressure t<f them 
alone. The circumference of the cylinder 
would feel no pressure, and would merely 
have to keep the air out. ^ 

SCOD-ended cylinders, able to frahsmit 
pure end-pressure with the minimum of 
weight, will revolutionise architecture. A 
SCOD column containing oriented gas at 
thousands of atmospheres end-pressure, 
and supporting thousands of tons, would 
still require only the flimsiest container. 
Still more cunning is Daedalus's SCOD 
balloon. A perfect sphere, it has a smaller 
sphere at its centre, with both facing 
surfaces SCOD-treated. As before, the air 
inside is soon oriented, with all molecules 
flying radially between inner and outer 
surfaces. With all molecular momentum 
now directed outwards, the internal air will 
exert one atmosphere of pressure (to 
balance the air outside) at only a third of 
atmospheric density. The balloon-skin will 
feel no stress, and can be as thin as desired, 
but its oriented-air contents will have a 
permanent lift of about two-thirds of that of 
hydrogen. Even small leaks will not matter; 
entering air will soon be oriented like the 
rest. □ 
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'"All Around Us: Radiation 

(25 minutes) 
Ttiis film exploins 
radiation, how it was 
discovered, wtiat It is and 
how it is measured. Its 
applications and 
possible effects on health 
are considered. The film 
shows how rodiation is 
used to our twnefit in 
industry, medicine ond 
research. 




Nuclear Fusion: Energy 
for the 21stCentuiy 

(25 minutes) 
Since 1978, Culhom 
Laboratory in Oxfordshire 
has been the centre for a 
joint European nuclear 
fusion research project. 
This film traces the 
development of fusion 
research that has led to 
the construction of the 
Joint European Torus. 




The Energy Problem - 
Ttie Nuclear Solution 

(15 minutes) 
This film examines the 
world's energy situation, 
including the renewoble 
sources of energy, solar, 
wind and wave power 
and our existing 
resources of cool, oil and 
gas, and explains the 
contnbufion nuclear 
energy con moke now 
and in the future 




I WorK in Atomic Energy 

(21 minutes) 
This film portrays the 
differing skills and 
outside interests of four 
UKAEA personnel. In this 
way the film presents o 
picture of the corporate 
endeavour and individual 
enterprise within the 
Authority. 



OTHER SERVICES 

Publications Booklets, leaflets, reprints 
of ATOM articles and other literature on 
nuclear and related subjects are 
provided on request. 



SpMken service To hielp public 
understanding of nuclear tecfinology 
and the issues involved, the Authority 
provide a free talks service Speakers, 
usually scientists and engineers from 
Authority establishments, often 
illustrate their talks with audio-visual 
programmes 



Teaching pack A nuclear energy 
teaching resources pack compiled by 
Bath University is available It includes 
booklets, wallcharts, fllmstrips and 
other materials for class teaching 
Details are available on request 



MoMIe exhlbWon Authority 
establishments have available on free 
loan a small (12 light-weight panels| 
mobile exhibition on nuclear energy 
The exhibition is easily erected and 
dismantled and is suitable for schools, 
public libraries etc 



■ All titles are available in I6mm film or video formats on free loan, or sale at Ell 75 exclusive of vat These charges are subject to change without notice 
Prices for titles on systems other than VHS and Betamax will be quoted individually. ■ All films and video tapes can be obtained from Film Library, 
Viscom Ltd , Park Hall Road Trading Estate, London SE2i 8EL, Tel |01) 761 3035 
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Published quarterly, six weeks after 
the end of each quarter. Past six 
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Dinosaurs — 
the masters of 
planet Earth 




Spring season of lectures by famous scientists at the Mermaid Theatre. 
Simple enough for 1 3-year-olds and fascinating for everyone. 
This is the theatre of science. 



DISCUSSIONS 1984 



DrBeveri> Haktead 

6.0 pm Sunday 11 March 

pOR 140 million years 
the dinosaurs dom- 
inated life on Earth— 
they rank as the most 
successful vertebrates 
of all time. 

Many popular films 
showing dinosaurs 
engaged in bloody 
battles are based on 
undisciplined imagin- 
ation; however, it is 
possible to reconstruct 
the life of dinosaurs 
from scientific evidence 
— how they moved, 
how they fed, how they 
brought up their young, 
even their social organ- 
isation, all have been 
worked out from the 
clues they left behind. 
The manner of their 
disappearance remains 
a subject of heated 
controversy among 
many .scientists. 
Dr Beveriey Halstead is 
reader in geolog>' and 
zoology at the University 
of Reading and a research 
fellow at the Royal Dental 
Hospital, London. He has 
worked at the Natural 
History Museum in 
London, and at O.xford 
University. He was 
formerly professor of 
geology at Panjab Univer- 
sity, Chandigarh, India. 



He has published many 
books, including The 
Evolution of the Mammals. 

Dr Halstead is an expert 
on dinosaurs and says that 
the real e.xcitement in his 
work is searching for 
fossils and "finding 
something that no other 
human being has ever seen 
before." His work has 
taken him to Central 
Poland, the USSR, China 
and many parts of Africa, 
including the Sahara 
Desert. On one Nigerian 
expedition, he and his 
party were arrested: they 
spent Christmas Day in 
detention and had only 
corned-beef sandwiches 
for their Xmas dinner! 

How we 
conquered 
the Universe and 
similar mistakes 

Professor Jack Meadows 
6.0 pm Sunday 18 March 



HAT happened in the 

history of science? 
You hear some colour- 
fulstories — forexample, 
an apple falling on the 
head of Isaac Newton — 
but did it really 
happen? Anyway, who 
cares? Then again, 
scientists sometimes 
make mistakes. Is it best 
to hide these peccadillos 
beneath the carpet and 
forget about them? 

Professor Meadows 
sets out to explore these 
sorts of questions, and 
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hopes in so doing to 
show that tall stories 
and curious mistakes 
are an important part of 
science. 



Professor Jack Meadows 

studied Russian at the 
University of Cambridge; 
physics and astronomy at 
the University of Oxford; 
and history and philo- 
sophy of science at the 
University of London. He 
has held university posts in 
the US, Scotland and 
England. He is currently 
head of the Departments 
of Astronomy and History 
of Science and of the 
Primary Communications 
Research Centre at the 
University of Leicester He 
has written various books 
on astronomy, history of 
science and communi- 
cations, and an excessive 
number of papers on these 
and other topics. 



How life evolved 
with some help 
from Gaia 

Professor James Loveiock 



6.0 pm Sunday 25 March 



pOMPARED with 
our planetary neigh- 
bours. Mars and Venus, 
the Earth is a strange 
and beautiful anomaly. 
How did it come to be 
so different? 

We are usually taught 
that we are very fortu- 
nate to have evolved on 
a planet that was by 
chance just right for life, 
or, for those rare times 
and places when it was 
not, life has been able to 
adapt. Professor 
Lovelock presents a 
radical alternative; that 
the Earth is a pleasant 
and fit place for life 
because life has made 
and kept it so. This 
alternative view is the 
Gaia hypothesis, so 
named after the Greek 
goddess of the Earth. 

To illustrate this 
notion, Professor 
Lovelock traces the 
development of the 
planet and the 
evolution of life from 
its origins until today. 
What are the arguments 
for and against Gaia? 
How is pollution 
damaging the environ- 
ment of a living Earth? 
What insight does the 
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Gaia hypothesis offer 
that might help us to 
solve the contemporary 
problems of the 
environment? Can it 
tell us how to live with, 
as well as on, the Earth? 

Professor James Lovelock 

graduated in chemistry at 
the University of Man- 
chester, and subsequently 
gained degrees in medicine 
and biophysics at the 
University of London. For 
20 years, he worked with 
the Medical Research 
Council at the National 
Institute for Medical 
Research, and at the 
Common Cold Research 
Unit. He has worked in the 
medical schools at 
Harvard and Yale 
Universities, and at Baylor 
University College, in 
Houston, Texas, where he 
was a professor of 
chemistry. Since 1964 he 
has conducted independent 
research and has been a 
visiting professor, at 
Houston and Reading 
Universities. 

Professor Lovelock is 
the author of various 
books, including Gaia and 
the Great Extinction, and 
many research papers. He 
has also patented about 30 
inventions, mostly detec- 
tors for use in chemical 
analysis. One of these, the 
electron capture detector, 
first revealed the presence 
of pesticide residues 
throughout the natural 
environment. Some of his 
inventions have been 
adopted by NASA in its 
programme of exploring 
other planets. 



